Improvement of cultivated barley (Hordeum vulgare) with germplasm introgressed from H spontaneum by Rodgers, Dan M.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1982
Improvement of cultivated barley (Hordeum
vulgare) with germplasm introgressed from H
spontaneum
Dan M. Rodgers
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Rodgers, Dan M., "Improvement of cultivated barley (Hordeum vulgare) with germplasm introgressed from H spontaneum " (1982).
Retrospective Theses and Dissertations. 7478.
https://lib.dr.iastate.edu/rtd/7478
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a good 
image of the page in the adjacent frame. If copyrighted materials were 
deleted you will find a target note listing the pages in the adjacent frame. 
3. When a map, drav/ing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner of 
a large sheet and to continue from left to right in equal sections with small 
f ^ I f I* ^  t y» « M 
\/ T V-l I <4^^* I » * y f kiv# • l • w* • t-l * IMV-W « I ' h/vgl I II III i/VI V/ TT VI IV 
first rovj and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by xerography, 
photographic prints can be purchased at additional cost and tipped into your 
xerographic copy. Requests can be made to our Dissertations Customer 
Services Department. 
5. Some pages in any document may have indistinct print. In all cases we have 
filmed the best available copy. 
University 
Microfilms 
international 
3UU N. /6E6 ft D,. ANN An du m .  ivi  i  48 I  Ùb 

8221223 
Rodgers, Dan M. 
IMPROVEMENT OF CULTIVATED BARLEY (HORDEUM VULGARE) WITH 
GERMPLASM INTROGRESSED FROM H. SPONTANEUM 
Iowa Stale University PH.D. 1982 
University 
Microfilms 
I ntsrn sti 0 n 3.1 300 N. Zeeb Road, Ann Arbcr, MI 48106 

PLEASE NOTE; 
In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark V . 
1. Glossy photographs or pages 
2. Colored illustrations, paper or print 
3. Photographs with dark background 
4. Illustrations are poor copy 
5. Pages with black marks, not original copy 
6. Print shows through as there is text on both sides of page 
7. Indistinct, broken or small print on several pages 
8. Print exceeds margin requirements 
9. Tightly bound copy with print lost in spine 
10. Computer printout pages with indistinct print 
11. Page(s) lacking when material received, and not available from school or 
author. 
12. Page(s) seem to be missing in numbering only as text follows. 
13. Two pages numbered . Text follows. 
14. Curiing and wrinkled pages 
15. Other 
University 
Microfilms 
International 

Improvement of cultivated barley (Hordeum vulgare) with 
germplasm introgressed from spontaneum 
by 
Dan M. Rodgers 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department : Agronomy 
Major: Plant Breeding and Cytogenetics 
Approved: 
In Ch^^e of Hajori v worK 
the Major Department 
For the Graduate College 
Iowa State University 
Ames, Iowa 
1982 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
I. INTRODUCTION 1 
II. LITERATURE REVIEW 3 
A. Gene Pool Organization in Hordeum 3 
B. Genetic Diversity Within H. spontaneum 4 
C. Utilization of Wild Relatives in Crop Improvement 6 
1. Maize 6 
2. Oat's 8 
3. Cotton 10 
4. Sugarcane 11 
5. Peanuts 11 
III. EXPERIMENTAL PROCEDURES 13 
A. Development of Introgressed Populations 13 
B. Field Evaluation 15 
IV. STATISTICAL METHODS 19 
A. Adjusted Plot Values 19 
B. Population Marginal Means 20 
C. Analysis of Variance 23 
1. General 23 
2. Mating design 25 
3. Genetic variance and covariance 25 
D. Correlations 26 
E. Orthogonal Polynomials 27 
F. Breeding Value Parameters 28 
V. RESULTS 30 
A. Analysis of Variability 30 
iii 
Page 
1. Experimental precision 30 
2. Factorial mating design 36 
B. Means 45 
1. Parents, per se and inter se 45 
2. Backcross generations 50 
C. Variability of Backcross Populations 61 
1. Distribution of progeny means 61 
2. Genetic variances 66 
D. Interrelationships of Agronomic Traits 83 
1. Phenotypic and genotypic correlations 83 
2. Comparison of 2-row and 6-row head types 87 
3. Agronomic characteristics of superior lines 90 
E. Selection of Superior Progeny 92 
1. Transgressive segregation 92 
2. Prediction indices 96 
VI. DISCUSSION 101 
A. Inheritance of Agronomic Traits 101 
1. Generation means 101 
2. Genetic variability 106 
B. Selection of Superior Progeny lie 
1. Physiological considerations 116 
2. Selection of parents 118 
3. Optimum backcross generation for recombina­
tion and selection 120 
VII. SUMMARY AND CONCLUSIONS 124 
VIII. LITERATURE CITED 127 
IX. ACKNOWLEDGMENTS 135 
X. APPENDIX 136 
iv 
LIST OF FIGURES 
Page 
Figure 1. Trends over generations in the means for straw and 
grain yield for each of the H. vulgare parents, 
where S designates the mean of the H. spontanetnn 
parents and V the H. vulgare parent 54 
Figure 2. Trends over generations in the means for harvest 
index and biomass for each of the H. vulgare 
parents, where S designates the mean of the H. 
spontaneum parents and V the H. vulgare parent 55 
Figure 3. Trends over generations in the means for heading 
date and height for each of the H. vulgare parents, 
where S designates the mean of the H. spontaneum 
parents and V the H. vulgare parent 58 
Figure 4. Trends over generations in the means for grain 
yield, biomass, harvest index, straw yield, head­
ing date, and height expressed as a percent of the 
mean of the H. vulgare parents, where S and V 
designate the mean of the H. spontaneum and H. 
vulgare parents, respectively 60 
Figure 5. Trends over generations in the mean genetic vari­
ances for grain and straw yield for each of the 
H. vulgare parents, where V designates the vari­
ance component for check lines within each H. 
vulgare parent 76 
Figure 6. Trends over generations in the mean genetic vari­
ances for harvest index and biomass for each of 
the H. vulgare parents, where V designates the 
variance component for check lines within each 
H. vulgare parent 78 
Figure 7. Trends over generations in the mean genetic vari­
ances for height and heading date for each of the 
H. vulgare parents, where V designates the variance 
component for check lines within each H. vulgare 
parent SO 
Figure 8. Trends over generations in the mean geneuic vari­
ances for grain yield, biomass, harvest index, 
straw yield, heading date, height expressed as a 
percent of the BCq generation, where V designates 
the mean of the variance components for check lines 
within each H. vulgare parent 82 
V 
Page 
Figure 9. Theoretical decrease in genetic variance over back-
cross generations assuming completely additive gene 
action, where one or an infinite number of F^s 
are recombined and selfed in each generation 108 
Figure 10. Theoretical decrease in genetic variance over back-
cross generations when an infinite number of F^ 
plants are recombined and selfed in each generation 
for the cases of: complete dominance, T^ere all of 
the dominant alleles are distributed in either the 
H. spontaneum or H. vulgare parents, and completely 
additive gene action 109 
Figure 11. Plot of genetic variances and means for grain yield 
over the three locations 115 
vi 
LIST OF TABLES 
Page 
Table 1. Name, origin, and symbol for H. vulgare and H. 
spontaneum parental lines 14 
Table 2. Expected percentage of H. vulgare gemnplasm in 
seven different generations 27 
Table 3. Progeny means of the H. vulgare and H. spontaneum 
parents for grain yield and height at each location 31 
Table 4. Mean squares for grain yield evaluated over two 
replications at each of the three locations 32 
Table 5. Mean squares from combined analyses of variance for 
grain yield, height, and heading date evaluated over 
locations 33 
Table 6. Mean squares from combined analyses of variance for 
biomass, straw yield, and harvest index evaluated 
over two locations 34 
Table 7. Mean squares from analyses of variance of the three 
vulgare check populations for grain yield, biomass, 
straw yield, height, heading data, and harvest index, 
evaluated over locations using line means at each 
location 35 
Table 8. Mean squares, variance components, and standard errors 
for grain yield from the factorial mating design evalu­
ated over ns 
Table 9. Mean squares, variance components, and standard errors 
for biomass from the factorial mating design evaluated 
over two locations 38 
Table 10. Mean squares, variance components, and standard errors 
for straw yield from the factorial mating design evalu­
ated over two locations 39 
Table 11. Mean squares, variance components, and standard errors 
for height from the factorial mating design evaluated 
over tb^ee locations 40 
Table 12. Mean squares, variance components, and standard errors 
for heading date from the factorial mating design 
evaluated over two locations 41 
vii 
Table 13. 
Table 14. 
Table 15. 
Table 16. 
Table 17. 
Table 18. 
Table 19. 
Table 20. 
Table 21. 
Page 
Mean squares, variance components, and standard errors 
for harvest index from the factorial mating design 
evaluated over two locations 42 
Means of the H. vulgare parents, H. vulgare histori­
cal checks, and the H. spontaneum parents for grain 
yield, biomass, straw yield, height, heading date, 
harvest index and growth rate index 46 
Effects of the H- spontaneum parents per se, along 
with their GCA and SBV effects for grain yield, 
biomass, straw yield, growth rate index, height, 
heading date, and harvest index 47 
Effects of the H. vulgare parents, per se, along with 
their GCA and SBV effects, for grain yield, biomass, 
straw yield, growth rate index, height, heading date, 
and harvest index 48 
Correlations among GCA, SBV, and per se effects for 
each of the H. vulgare and H. spontaneum parents for 
grain yield, biomass, straw yield, growth rate index, 
height, heading date, and harvest index 49 
Backcross generation means along with generation means 
for each recurrent parent for grain yield, biomass, 
straw yield, growth rate index, height, heading date, 
and harvest index 51 
Mean squares for locations, generations, and locations 
X generations for grain yield and height, along with 
a subdivision of che generations sums of squares into 
components due to linear, quadratic, and cubic poly­
nomial regressions on percent of H. vulgare germplasm 62 
Mean squares for locations, generations, and locations 
X generations for biomass and straw yield, along with 
a subdivision of the generations sunis of squares into 
components due to linear, quadratic, and cubic poly­
nomial regressions on percent of H. vulgare germplasm 63 
Mean squares for locations, generations, and locations 
X generations for harvest index and heading date, 
along with a subdivision of the generations sums of 
squares into components due to linear, quadratic, and 
cubic polynomial regressions on percent of H. vulgare 
germplasm 64 
viii 
Table 22 Percent of generations sums of squares explained by 
linear, quadratic, and cubic polynomial regressions 
on percent of E. vulgare germplasm 
Table 23. General trends in skewness and kurtosis values sum­
marized with respect to sign over recurrent parents 
and generations 
Table 24. Estimates of meati genetic variance for grain yield of 
backcross generations of each recurrent parent, along 
with mean genetic variances for backcross generations 
and recurrent parents 
Table 25. Estimates of mean genetic variance for biomass of oack-
cross generations of each recurrent parent, along with 
mean genetic variances for backcross generations and 
recurrent parents 
Table 26. Estimates of mean genetic variance for straw yield of 
backcross generations of each recurrent parent, along 
with mean genetic variances for backcross generations 
and recurrent parents 
Table 27. Estimates of mean genetic variance for height of back-
cross generations of each recurrent parent, along with 
mean genetic variances for backcross generations and 
recurrent parents 
Table 28. Estimates of mean genetic variance for heading date of 
backcross generations of each recurrent parent, along 
riances for backcross generations ri TnoaT> oortornr* ira 
and recurrent parents 
Table 29. Estimates of mean of genetic variance for harvest 
index of backcross generations of each recurrent 
parent, along with mean genetic variances for back-
cross generations and recurrent parent 
Table 30. Mean genetic components of variance for progeny 
populations of each H. spontaneum parent, averaged 
over backcross generations and recurrent parent, 
for grain yield, biomass, straw yield, height, 
heading date, and harvest index 
Table 31. Percent of generations sums of squares explained by 
linear, quadratic and cubic polynomial regressions of 
mean genetic variance on percent of H. vulgare 
germplasm 
ix 
Table 32. 
Table 33. 
Table 34. 
Table 35. 
Table 36. 
Table 37. 
Table 38. 
Table 39. 
Page 
Mean phenotypic correlations for each backcross genera­
tion and recurrent parent for all pair-wise combina­
tions between grain yield, biomass, straw yield, height, 
heading date, harvest index, and growth rate index 85 
Mean genotypic correlations for each recurrent parent 
and the BCg, BC2, and BC^ generations for all pair-
wise combinations between grain yield, biomass, 
straw yield, height, and harvest index plus grain 
yield with heading date 86 
Phenotypic correlations between agronomic traits 
averaged over all parental combinations and backcross 
generations 88 
Generation means based on lines with 2-row, 6-row or 
segregating head types for grain yield, biomass, 
straw yield, growth rate index, height, heading 
date, and harvest index 89 
Means for grain yield, biomass, straw yield, height, 
heading date, harvest index, and growth rate index of 
progeny lines and recurrent parent check lines having 
mean grain yields one standard deviation above the 
recurrent parent mean 91 
Percentages of lines with grain, biomass, and straw 
yields exceeding the recurrent parent mean and 
exhibiting high transgressive segregation in backcross 
generations of each recurrent parent 93 
Percentages of lines in the BC2, BC3, and BC^ with 
grain yields above the recurrent parent mean, one 
standard deviation (SD) above the recurrent parent 
mean, and one LSD.05 above the recurrent parent mean 
for each of the H. spontaneum parents 95 
Correlation of trait means, estimated for the nine 
H. spontaneum parents from their performance per se, 
with percent of progeny in the BC2, BC3, and BC^ 
having grain yields above the recurrent parent mean 
(ARP), one standard deviation above the recurrent 
parent mean (SARP), and one LSD_05 above the recur­
rent parent mean (LARP) 97 
99 
137 
138 
139 
140 
141 
142 
143 
144 
145 
X 
Correlations of productivity parameters, estimated 
for the nine H. spontanéurn parents from BCq and 
BC]_ progeny, with percent of progeny in the BC2, 
BC3, and BC4 having grain yields above the recurrent 
parent mean (ARP), one standard deviation above the 
recurrent parent mean (SARP), and one LSD.qS above 
the recurrent parent mean (LARP) 
Number of backcross generations represented for 
each parental combination 
Number of BC^F^ families represented in backcross 
generations of each parental combination 
The number of F2-derived evaluated in each popula­
tion 
Number of F2-derived lines evaluated in backcross 
generations of each parental combination along with 
the total for each parent and backcross generation 
Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
grain yield of backcross generations where Manker 
is the recurrent parent 
Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
grain yield of backcross generations where M31 is 
the recurrent parent 
Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
grain yield of backcross generations where Glenn is 
the recurrent parent 
Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
biomass of backcross generations where Manker is the 
recurrent parent 
Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
biomass of backcross generations where M31 is the 
recurrent parent 
xi 
Page 
Table AlO. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
biornass and backcross generations where Glenn is the 
recurrent parent 
Table All. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
straw yield of backcross generations where Manker 
is the recurrent oarent 
146 
147 
Table A12. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
straw yield of backcross generations where M31 is 
the recurrent parent 
Table A13. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
straw yield of backcross generations where Glenn is 
the recurrent parent 
Table A14. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
growth rate index of backcross populations where 
Manker is the recurrent parent 
Table A15. Frequency distributions of line means, skewness of 
kurtosis values, and number of lines evaluated, for 
growth rate index of backcross generations where M31 
is the recurrent parent 
Table A16. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
growth rate index of backcross generations where 
Glenn is the recurrent rsarent 
148 
149 
150 
151 
152 
Table A17. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines eiraluated, for 
height of backcross generations where Manker is the 
recurrent parent 
Table A18. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
height of backcross generations where M31 is the 
recurrent parent 
153 
154 
xii 
Table A19. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
height of backcross generations where Glenn is the 
recurrent parent 
Page 
155 
Table A20. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
heading date of backcross generations where Hanker 
is the recurrent parent 156 
Table A21. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
heading date of backcross generations where M31 is 
the recurrent parent 157 
Table A22. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
heading date of backcross generations where Glenn is 
the recurrent parent 158 
Table A23. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
harvest index of backcross generations where Manker 
is the recurrent parent 159 
Table A24. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated for 
harvest index of backcross generations where M31 is 
the recurrent parent 160 
Table A25. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
harvest index of backcross generations where Glenn 
is the recurrent parent 161 
Table A26. Means for grain yield, biomass, straw yields, growth 
rate index, height, heading date, and harvest index 
for the top thirty lines for grain yields having 
Manker as a recurrent parent 162 
Table A27. Means for grain yield, biomass, straw yield, growth 
rate index, height, heading date, and harvest index 
for the top thirty lines for grain yield having 
Glenn as a recurrent parent 163 
xiii 
Page 
Table A28. Means for grain yield, biomass, straw yield, growth 
rate index, height, heading date, and harvest index 
for the top thirty lines for grain yield having M31 
as a recurrent parent 164 
Table A29. Estimates of GCA, SBV, and SBV* obtained for the 
H. spontaneiim parents in the BCQ and BC^ for grain 
yield, biomass, straw yield, and growth rate index 165 
Table A30. Observed and predicted means for the five progeny 
and two parental generations for grain yield, 
biomass, straw yield, growth rate index, height, 
heading date, and harvest index 166 
Table A31. Observed and predicted means for genetic variance for 
the five progeny generations for grain yield, biomass, 
straw yield, height, heading date, and harvest index 168 
1 
I. INTRODUCTION 
Wild relatives of crop plants contain an immense array of potential­
ly useful alleles. Yet, because these alleles are perceived as being 
fixed in largely undesirable genetic backgrounds, plant breeders have 
been reluctant to use wild relatives extensively in breeding programs. 
Usually, in the few cases where wild relatives have been exploited, it 
has involved the backcrossing of simply inherited traits, such as single 
alleles for disease or insect resistance, that were unavailable in the 
cultivated gene pool. As a result, the potential of wild relatives for 
improving quantitatively inherited traits is largely unexplored. 
During the past decade, substantial genetic gains have been made in 
oats (Avena sativa) with alleles from its wild relative, A. sterilis. 
Agronomically elite lines selected after three to five random back-
crosses have shown increases in grain yield of 3 to 29% over their A. 
sativa parents after four years of testing (Frey, 1982). Subsequent mat­
in gs of several of these lines with other A. sativa x A. sterilis 
derivatives have produced progeny with even further" mprovements in grain 
yield and agronomic quality. 
Given the success of A. sterilis in oat breeding, a logical species 
for investigation is Hordeum spontaneum, a wild relative of cultivated 
barley (H. vulgare). A. sterilis and H. spontaneum are both indigenous 
to the Middle East, have similar growth characteristics, and often grow 
sympatrically in the arid region near the eastern end of the Mediter­
ranean Sea. Therefore, it is possible that the two species have 
2 
developed similar genetic characteristics, some of which (in A. sterilis) 
may have been responsible for the recent improvements in cultivated oats. 
Yet, whether the two species have comparable breeding value may depend 
largely on the importance of polyploidy in the success of germplasm 
from A. sterilis. Because oats is a hexaploid, the effect of unfavor­
able alleles from A. sterilis may be masked while favorable alleles 
and allelic interactions are being expressed. Barley, in contrast, is a 
diploid and thus recombination with unfavorable alleles from H. spon-
taneum could potentially disrupt the "finely-timed" genome of culti­
vated barley, causing a "breakdown" in genotypic value. 
The purpose of this study was to determine the potential of H. 
spontaneum for improving the productivity of cultivated barley. To 
accomplish this, my principal objectives were to investigate: (1) inheri­
tance of grain yield, straw yield, height, heading data, and related 
traits in backcross populations; (2) percentage of transgressive segre­
gates and lines exceeding their recurrent parent means for grain yield 
and other productivity traits ; for each generation and parent; 
(3) interrelationships among agronomic traits and agronomic character­
istics of lines with high grain yield; and (4) criteria which could be 
used to select parental lines having the highest potential of producing 
superior progeny. 
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II. LITERATURE REVIEW 
A. Gene Pool Organization in Hordeum 
The genus Hordeum has been classified into four sections : BULBO-
HORDEUM, CEREALIA, HORDEASTRUM, and STENOSTRACHYS (Price, 1968). All 
grain-producing species are grouped in the section CEREALIA, which is 
composed of cultivated barley (H. vulgare) and its wild relatives, H. 
spontaneum and H. agricrithon. The CEREALIA species are all diploid 
(2n=14), cross compatible, and with rare exceptions, produce fertile 
hybrids and segregate in expected Mendelian ratios. According to the 
classification scheme of Harlan and deWet (1971), the section CEREALIA 
constitutes a single biological species representing the primary gene 
pool of cultivated barley. Cross fertilization between CEREALIA and 
other sections is often possible, but problems with chromosome pairing 
and chromosome elimination at early stages of development prevent gene 
transfer (Schooler and Anderson, 1979). Nevertheless, intersectional 
gene transfer is sometimes possible with the use of autotetraploids and 
embryo culture. Schooler and colleagues have transferred several 
traits from non-CEREALIA species into stable diploid types, including: 
cytoplasmic male sterility (Schooler, 1967), resistance to net blotch 
(Schooler and Anderson, 1979), pubescence (Schooler and Anderson, 1979), 
and resistance to leaf spot and barley yellow dwarf virus (Schooler 
and Franckowiak, 1981). Thus, gene transfers into CEREALIA can be 
achieved, but sophisticated techniques are required. 
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B. Genetic Diversity Within H. spontaneum 
The known distribution of H. spontaneum extends from North Africa to 
the Western Himalayas with the area of greatest abundance being in the 
"fertile crescent" region of the Middle East (Harlan and Zohary, 1966; 
Wittcombe, 1978). According to Harlan and Zohary (1966), H. spontaneum 
occurs in a wide range of habitats and is composed of a number of distinct 
races, which differ in both ecology and morphology. Among the more ex­
treme racial forms they describe are the "wadi" race, or xeric ecotype, 
which grows in the annual flora of desert and steppic habitats and the 
"Jordan Rift Valley" race, a mesic ecotype which is abundant in lush her­
baceous regions. The xeric ecotype is small, slender, and very grassy, 
whereas the mesic ecotype has extremely large seeds, long awns, and a 
robustness in all of its features (Harlan and Zohary, 1966; Nevo et al., 
1979). Compared with wild species of other cereals in the Middle East, 
H. spontaneum appears to be the most xerophytic: its distribution extends 
farther into the steppe and desert regions than do those of the wild 
wheats (Harlan and Zohary, 1966), the slander wild oat, A. barbata (Nevo 
et al., 1979), or the hexaploid wild oat, A. sterilis (I. Wahl, Botany 
Dept., Tel-Aviv University, Tel-Aviv, Israel, personal communication). 
In a study of genetic variation among and within 28 H. spontaneum 
populations in Palestine, Nevo et al. (1979) found that the variation in 
spikelet morphology and pattern of allozymic variation at 28 loci were 
significantly correlated with climatic and soil variables. Also, 
a high degree of local differentiation was evident because most of the 
allozymic variation was expressed within populations. Brown et al. 
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(1978), analyzing the same data, reported that 17% of the allozymic 
variation was between regions, 32% was between populations within 
regions, and 51% was within populations. In contrast, most of the 
variation in spikelet morphology was among regions with the least amount 
within populations. As a result, they found that most of the ecologi­
cal differences among populations were associated with morphological 
differences, whereas very high levels of allozymic (i.e. biochemical) 
variation were present among plants with similar morphological types. 
The magnitude of allozymic variation in the Palestinian collec­
tion of H. spontaneum was relatively high. In a hypothetical, randomly 
mated composite of the 28 populations, Brown et al. (1978) found that 
the average heterozygosity per locus would be 19.4%. In comparison, 
the average in the of Composite Cross XXI for the same 28 loci was 
found to be 6.7%. Composite Cross XXI is a highly variable population 
with genetic male sterility that was synthesized from 6200 spring 
barley lines by Suneson and Wiebe (1962) and has been randomly advanced 
each generation in Davis, California. 
Considerable variability has also been found in H. snontaneum for 
resistance to powdery mildex, Erysiphe graminis hordei (Baenziger 
et al., 1981; Eyal et al., 1973; Fischbeck et al., 1976; Moseman et al., 
1981; Wahl et al., 1978), leaf rust, Puccinia hordei (Anikster et al., 
1976; Baenziger et al., 1981), scald, Rhynchosporium secalis (Baenziger 
et al., 1981), and net blotch, Pyrenophora teres (Baenziger, 1981). 
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C. Utilization of Wild Relatives in Crop Improvement 
Wild relatives have most often been used in plant breeding as 
sources of genes for disease or insect resistance (Harlan, 1976). In 
most crops, they have not had a direct role in the improvement of 
primary economic traits, although their effect on these traits has 
usually been investigated in a few exploratory studies. Probably the 
main reason for their lack of use has been the rapid rate of genetic 
progress made in most species using adapted breeding populations. As 
variability in these populations begins to decline, interest will likely 
increase. Often, where there has been evidence of a bottleneck or 
plateau in genetic progress, wild species have received particular 
attention (Frey, 1976). 
In the following, I review cases in several major crops where the 
potential of wild germplasm for improving quantitative traits has been 
investigated. 
1. Maize 
The two wild relatives of maize which have been studied most ex­
tensively are teosinte (Zea mexicana) and tripsacum (Tripsacum dac-
tyloides). Reeves (1950) introgressed (i.e., backcrossed) genes from 
teosinte into an adapted maize inbred and found that several of the de­
rived lines had 20% higher topcross yields than their adapted inbred 
parent and higher heat tolerance. Lambert and Leng (1965) evaluated 
progeny from three backcross generations of six maize x teosinte mat­
in gs and found that grain yield per plant was usually maximized in the 
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BC2 and number of kernels per row in the BC^. Compared with the recur­
rent parent, inbred Hy2, the BCg grain yields were approximately double. 
Efron and Everett (1969) evaluated lines extracted from a maize x 
teosinte population after four cycles of selection and recombination. 
They found that the lines with the five highest topcross yields had 
similar grain yields to the checks but they produced two more tons of 
stover per hectare, indicating enhanced vegetative vigor. Similarly, 
Harlan (1976) reported that maize recovered after seven or eight back-
crosses from maize x tripsacum hybrids gave striking vegetative 
heterosis when crossed with U.S. Com Belt inbreds. In a more extensive 
study with tripsacum. Reeves and Buckholt (1964) had mixed success. 
They found that lines derived from a maize x tripsacum introgression 
had higher yields, per se, than their adapted maize parent but that their 
yields in hybrid combination were consistently lower with only one line 
exceeding the hybrid yield of the maize parent. Probably the biggest 
obstacle to the successful use of tripsacum in maize improvement is the 
difficulty in obtaining recombinanion becween the cwo genomes. Harlan 
(1976) noted that in some maize x tripsacum lines that "maize" types 
had not been recovered after 10 backcrosses. Stalker et al. (1977, 
1978) concluded that the probability of gene transfers between maize and 
tripsacum chromosomes was highest during the early generations of back-
crossing. According to Stalker (1980), hybrid derivatives of tetraploid 
tripsacum x diploid maize are now being utilized in commercial breeding 
programs. 
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2. Oats 
Substantial genetic improvement has been made in oats (A. sativa) 
using alleles from its wild relative A. sterilis. Perhaps because of 
the magnitude of sucess which has been achieved with A. sterilis, the 
genetic potential of several other wild oat relatives has received 
recent attention (Rines et al., 1980; Thomas et al-, 1980). 
Probably the earliest evidence of increased yield potential from 
A. sterilis was obtained by Frey and Browning (1971) when they found 
that isolines carrying a certain rust resistance gene from A. sterilis 
had significantly higher grain yields than their recurrent parent when 
tested in rust-free environments. In a subsequent study, Jondle (1974) 
found that the grain yield advantage associated with the rust resistance 
gene could be backcrossed. He also presented evidence that the 
associated yield advantages were due to linkage rather than pleiotropy. 
This source of rust resistance has been backcrossed into three distinct 
A. sativa lines and the derived rust-resistant lines have demonstrated 
4 to 7% yield advantages after extensive testing in rusc-frae environ­
ments (Frey, 1982). 
Lawrence (1974) tested F^-derived lines from five A. sativa x 
A. sterilis backcross generations and obtained numerous high yielding 
transgressive segregates for grain yield while recovering the desirable 
agronomic characteristics of the A. sativa parent. The frequency of 
high yielding transgressive segregates was greatest between the BC^ and 
BC^ (Lawrence and Frey, 1975), indicating multiple favorable alleles in 
the A. sterilis parents. Lawrence and Frey (1976) concluded that the 
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genetic variability for grain yield in the backcross populations was 
controlled primarily by additive and epistatic types of gene action 
and repulsion phase linkages, and that approximately one-third of the 
plus factors had originated in the A. sterilis parent. Subsequent 
testing of several of the agronomically elite transgressive segregates 
has shown grain yields of 3 to 29% above their recurrent parents (Frey, 
1982). 
Robertson (1980) found grain yields of predominantly A. sativa 
populations to be higher with A. sterilis cytoplasm than with A. sativa. 
He obtained 10 pairs of reciprocal A. sativa x A. sterilis matings and 
then backcrossed each to its A. sativa parent keeping the sex of the 
A. sativa parent constant. In the BCg, he tested 20 random Fg^ derived 
lines from the reciprocals of each mating and found a 5.3% grain yield 
advantage for lines with A. sterilis cytoplasm and a 1-day delay in head­
ing date. Thus, A. sterilis was either a source of superior cytoplasmic 
genes or there was a positive interaction between the predominantly 
* ^ ^ ^ ^ ^ A ^ 4" n m ^  ^ ^ 1 ^  
A* &CIUXVCL CU.lsa C&ts- A* O s- «— A. wj" 
A. sterilis has also been of value for improving protein percentage. 
In several studies (Campbell and Frey, 1972; Cox, 1979; Iwig and Ohm, 
1976) increases in protein percentage have been obtained without 
sacrificing the superior seed characteristics of A. sativa. Cox (1979) 
evaluated a diallel mating among elite high protein lines and found 
that the lines derived from backcrosses with A. sterilis had higher 
percentages of transgressive progeny when mated with A. sativa lines 
than did matings among pure A. sativa lines. In a study of introgression 
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derivatives of A. sativa x A. magna, Thomas et al. (1980) found that 
it was possible to select lines which exceeded the A. sativa parent in 
protein percentage without having the undesirable seed characteristics of 
the wild parent. 
3. Cotton 
Increasing the fiber strength of commercial cotton (Gossypium 
hirsutum) by transferring genes from wild relatives has often been a 
practical breeding objective (Meredith. 1977). Beasley (1942) intro­
duced a new source of fiber strength in the tri-species hybrid of 
(G. thuberi Ted x G^. aboreum) x G. hirsutum. When he backcrossed the 
tri-hybrid to hirsutum, he obtained superior fiber strength but 
otherwise poor quality and yield. Several interspecific populations 
which were subsequently developed from the tri-species hybrid have also 
shown a negative relationship between fiber strength and yield. Miller 
and Rawlings (1967) and Meredith and Bridge (1971) found that at least 
some of the negative correlation between fiber strength and yield was 
due to repulsion phase linkages, because random mating in the inter­
specific populations lowered the negative genetic correlation between 
the two traits substantially. More recently, Meredith (1977) achieved 
modest success increasing fiber strength with the backcross method. 
Using FTA (which was derived from the tri-species hybrid) as the fiber 
strength donor, he was able to maintain fiber strength at approximately 
the same level as FTA while obtaining a BCg family with a yield of 
only 5.3% less than predicted value- According to Stalker (1980), 
G. thuberi (one of the two wild relatives in the tri-species hybrid) 
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has recently been the source of increased fiber strength in several 
variety releases. This is particularly striking because G. thuberi 
has no lint fibers (Harlan, 1976; Kerr, 1951). 
4. Sugarcane 
The genus Saccharum includes two cultivated species, officinarum 
and edule, and four wild species (Stevenson. 1965). Because of 
damaging diseases to cultivated varieties ''predominantly _S. off icinarum) 
in the late 1800s and early 1900s, wild relatives were used extensively 
as sources of genes for disease resistance (Abbott, 1953). Matings of 
2" officinarum (2n=80) x wild species were found to have both high 
sugar content and resistance to several diseases (Brandes and Sartoris, 
1936). According to Price (1963), all modem sugarcane varieties are 
derived from interspecific hybrids and contain three to five species in 
their pedigrees. These varieties tend to be highly polyploid (2n=100 to 
125), pest resistant, and have sugar yields which greatly exceed the 
original S^ . officinarum varieties (Bremer, 1961). 
5. Peanuts 
Hammons (1970) released the variety "Spancross," an F^ -derived 
line from the mating of a wild decumbent annual species (Arachis 
monticola) x "Argentine" (A. hypogea). Spancross outyields Argentine 
by about 3.5% and was considered equal co the leading varieties in shell­
ing and processing quality. Stalker et al. (1979) mated an A. hypogea 
line with a wild species having small seeds and pods and obtained 
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superior transgressive segregates which exceeded the yield of the 
A. hypogea parent. 
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III. EXPERIMENTAL PROCEDURES 
A. Development of Introgressed Populations 
Nine random spontaneum accessions of Middle Eastern origin were 
mated in an incomplete factorial with three elite North American H. 
vulgare cultivars (Table 1) to produce twenty-one parental combinations. 
The generation for each combination was then backcrossed, recurrently, 
to the H. vulgare parent for up to four generations (Table Al). Ninety-
six populations were developed, where a population represents a genera­
tion of a particular mating. In the BC^ generation, backcross families 
were developed within each parental combination from individual BC^F^ 
plants (Table A2). The BC^ F^  family structure was maintained in sub­
sequent backcross generations to insure several independent lines of 
descent from the H. spontaneum parent. Usually, several plants within 
each backcross family were used in making succeeding backcrosses. At no 
time in the backcrossing program, was selection imposed for any trait. 
In each backcross generation, F^  seed was vernalized prior to plant­
ing. 
In 1980, F2 seeds from each interspecific population, except for 
those in the BC^ , were sown in space-sown rows. In each population, 
thirty non-shattering F^  plants (when available) were harvested at 
random, with approximately equal numbers of plants obtained from each 
backcross family. Seed from each harvested plant was used as an F2-
derived line in the F^  in an evaluation experiment in 1981. 
Seed samples from each H. vulgare parent were also sown in space 
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Table 1. Name, origin, and symbol for H. vulgare and H. spontaneum 
• parental lines 
Parent line Origin Symbol 
H. vulgare 
Hanker 
M31 
Glenn 
Minnesota 
Minnesota 
North Dakota 
H. spontaneum 
PI212305 
PI254894 
PI296786 
PI296803 
PI296839 
PI296843 
PI296847 
PI296915 
PI296953 
Afghanistan 
Iraq 
Israel 
Israel 
Israel 
Israel 
Israel 
Israel 
Israel 
=^ 2 
53 
54 
55 
56 
57 
SS 
S9 
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planted rows in 1980. Thirty random plants were harvested from 
Manker and from Glenn and twenty-seven from M31. The seed from each 
plant was evaluated as an individual line in 1981. 
Prior to 1980, I encountered difficulty scoring the non-shattering 
trait in the BCq generation. In 1978, the BCq populations were screened 
for non-shattering as plants and again in 1980 as hills of F2-
derived lines in the F^. Lines homogeneous for non-shattering were 
evaluated in 1981 as F^ -derived lines in the F^ . Primarily because 
of difficulty in obtaining non-shattering plants, several populations 
contained fewer than thirty lines (Table A3). 
B. Field Evaluation 
In 1981, I evaluated 2768 F^rderived lines from 96 interspecific 
populations and 78 lines from 3 recurrent parent check populations in 
a blocks-in-reps design (Schutz and Cockerham, 1962) with two replica­
tions at each of three locations: (1) the Agronomy Field Research 
Center (AFRC) near Boone, lA; (2) the Hinds Research Farm, north of 
Ames; and (3) the Northern Research Center at Kanawha, Iowa. Planting 
dates were April 1, April 2, and April 3, respectively. 
There were 30 blocks per replication with each block containing 
100 plots arranged in either a 3Mx3M grid or 1.5Mx6M grid. A plot 
was a hill sown with 32 seeds, and hills were spaced 30 cm apart in 
perpendicular directions (Frey, 1965). In each replication, each 
block was adjacent to two or three other blocks. The exposed sides 
of each block were surrounded by two rows of border hills to provide 
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competitive balance for peripheral experimental hills. One line from 
each of the 99 populations (96 interspecific plus 3 check) was assigned 
TÎÎ to each block; the 100 line in each block was a bulk of several con­
temporary varieties. Assignment of lines to blocks was fixed, although 
lines were randomized within each block and blocks were randomized 
within replications. An additional, adjunct block of 30 plots which 
included the jl. spontaneum parents, several historical H. vulgare 
checks, and several entries of each recurrent parent was inserted in the 
middle of each replication. 
All plots were hand weeded and sprayed with the prophylactic 
fungicide, Dithane M-45 (the active ingredient is manganese and zinc 
ethylene bisdithiocarbamate), at weekly intervals from anthesis to 
maturity to prevent head and foliar diseases. Plants of H. spontaneum 
lines were tied to stakes to prevent lodging and their heads were 
bagged after anthesis with Delnet PG 218 non-woven mesh bags (trans­
lucent, high density polyethylene, manufactured by Hercules, Inc., 
Wilmington, DE 19899) to catch shattered seed. 
Growing conditions at the three locations differed markedly (Table 
3). Topsoil and subsoil moisture at the AFRC were extremely limiting 
throughout the growing season. At the Hinds Farm, overhead irriga­
tions were applied approximately once a week between April 15 and June 
15. At Kanawha, growing conditions were excellent with ample subsoil 
moisture and frequent rainfall. Both Kanawha and Che AFRC have highly 
fertile soil types in the Clarion-Webster association, whereas the 
Coland loam soil type at the Hinds Farm was much lighter, in comparison. 
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Fertilizer at all locations was broadcasted. The rates at Kanawha 
and the AFRC have generally been consistent over years, fitting into 
long term rotation-management schemes. At the AFRC, fertilizer was 
applied at planting at an acre rate of 30# of N and 46# of each P and 
K. At Kanawha, 46# N per acre was applied at planting and 6.25# of 
each P and K the previous fall. Applications at the Hinds Farm were 
split over three dates: 25# N, 7# P, 12.5# K at planting; 15# N, 4# ?, 
7.5# K at approximately one week prior to anthesis; and 10# N, 3# P, 
and 5# K at approximately one week after anthesis. 
The following traits were measured on a plot basis: 
Heading date (HP): Number of days between planting and when 50% of 
the spikes had reached ant-besis, measured on one replicate at 
the AFRC and one at the Hinds Farm; 
Plant height (HT): Mean distance (cm) from the soil surface to the 
tips of the spikes, measured during grain filling on one replica­
tion at each location; 
Bioinass (SVT) : Dry. weight (q/ha) cf total above ground biotiass; 
harvested at maturity, measured on all replications at the Hinds 
Farm and Kanawha; 
Grain yield (GOT): Dry weight (q/ha) of threshed grain, measured on 
all replications at all locations; 
Straw yield (SWT): Dry weight (q/ha) after subtracting grain yield from 
biomass, measured on all replications at the Hinds Farm and Kanawha; 
Harvest index (HI); Grain yield expressed as a percentage (%) of bio­
mass, measured on all replications at the Hinds Farm and Kanawha; 
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Head type (RN): Number of rows of florets per head (2, 6, or segre­
gating), scored on one replication at each location; 
Growth rate index (GRI) was measured on a family mean basis as bio-
mass divided by heading date. 
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IV. STATISTICAL METHODS 
A. Adjusted Plot Values 
The blocks-in-reps design (Schutz and Cockerham, 1962) used in the 
experiment, can be described with the following model : 
where: = the mean of the block in the i^  ^replication, 
p = the grand mean, 
= the effect of the i^  ^replication, 
= the effect of the j block, 
e_ = the error deviation of the block in the i^  ^replication, 
then 
where Y_ is the predicted value of the block in the i^  ^replication. 
The deviations, e.., were then subtracted from the respective plot j-j 
values in all replications i and blocks j for biomass, grain yield, straw 
yield, height, and harvest index to give adjusted plot values. This 
was done to minimize intra—replication environmental fluctuations and 
thereby increase the accuracy in the experiment. After adjustment, the 
block structure was ignored and the experiment was treated as a random­
ized complete block design. 
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B. Population Marginal Means 
In data sets that are unbalanced, arithmetic means provide biased 
estimates of the "true" marginal (class or subclass) means of the popu­
lation. However, unbiased estimates of marginal means can be obtained 
from several statistical computing procedures, such as SAS GLM, which 
compute estimates using least squares. Usually, these estimates are 
referred to as "least square means," although Searle et al. (1980) have 
suggested they be renamed "estimated marginal means" (EMM) or estimates 
of "population marginal means" (pÎm) . Simply defined, a is an 
unbiased estimate of the arithmetic mean that would be expected had the 
data set been balanced. 
In my study, the H. vulgare and H. spontaneum lines were intermated 
in an incomplete factorial. Thus, for lines in a given species, the 
average performance of their interspecific progeny in a given generation 
would be expected to differ due to the differential sampling of lines 
from the other species. As a result, differences due to sampling were 
confcundad with differences in the "true" progeny averages of the lines. 
Further confounding also resulted from differential numbers of back-
crosses among the parental combinations. As a consequence, arithmetic 
means were inadequate for delineating differences among either parental 
lines or backcross generations. Alternatively, however, PMMs were esti­
mated for each line and backcross generation which were best linear un­
biased estimators (b.l.u.e.) of the "true" progeny averages. 
PMMs are linear functions of solutions to normal equations. The 
most ccmzon set of normal equations used i~ the study was based on a 
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three-way no-interaction model involving the H. vulgare lines, the 
H. spontaneim lines, and the backcross generations. These equations 
and a parametric definition of the PMMs obtained from the solutions 
are presented below. 
For the model 
where: y = general mean, 
= effect of H. vulgare line i, 
Sj = effect of H. spontaneum line j, 
= effect of backcross generation k, 
the corresponding normal equations are 
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where X'X is an incidence matrix, 6° is a vector of solutions, X'Y is 
a vector of totals for each class, n is the total number of observa­
tions for the designated subscripts, and the zero superscripts indicate 
the solutions to the normal equations. 
The PMMs were estimated from the solutions, as follows (Searle, 1971; 
Searle et al., 1980): 
TIG HG 
PMMy^ = y° + V^° + ^  Sj°/ng + J G^ /n^ , for H. vulgare line i, 
3 k 
M^Ms = y° + ^  V.°/n + S.° + J GL°/n , for H. spontaneum line j, 
j i  ^ : k  ^
and 
M^Mg^  = p° + ^  V^°/n^ + % Sj°/ng + G^°, for backcross generation k. 
Because the set of solutions to the normal equations, 6°, were based 
on the -^restrictions, ^V. =0, ^ S. =0, and ^G, =0, the PÏÔfe were simply: 
i  ^ j ^  k ^  
= U° + V^ ° = M+^ , 
+ s . °  =  
K^ = + G^ ° = ^ +G^ . 
And the effects were estimated by: 
= PMM^  ^- I  PMMV^ /N^ , 
S_. = - f 
J 
\ = PMMg^ - I PMMG^/Hg. 
PMMs calculated from two-way and other three-way models were 
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also included in the analysis. The estimation of PMMs and effects 
for these models followed the same general parametric procedure given 
above. 
Standard errors for ^ÎMs were calculated from the pooled residual 
variance. 
C. Analysis of Variance 
1. General 
The combined analyses of variance for lines were based on the fol­
lowing model: 
= p + + R_ + G^ + (GL)^  ^+ e^ j^ , for GWT, BWT, SWT, and HI, 
= u + + G^ + for HT and HD, and 
the intra-location analysis for GWT was based on the model. 
YI. = Y + R. + G^  + E.FC. 
Y = GWT, BWT, SWT, HT, HD, or HI for the designated plot, 
y = grand mean, 
= the effect of the i*"^  location, 
= the effect of the replicate within the i^  ^location, 
Rj = the effect of the replicate, 
G^ = the effect of the line, 
(GL)^j^ = the interaction effect between the k^  ^line and the i^^ 
location, and 
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e., = the residual deviation for the designated plot. 
J K 
The error variance for individual lines was estimated by MS /r&, 
GL 
where 2. and r are the number of locations and replicates per location, 
respectively, and was obtained from the combined analysis of vari­
ance. The error variances for the H. vulgare (recurrent) parent means 
were estimated by MS /rig, where MS„ was obtained from an analysis of 
variance among check lines of each H. vulgare parent and g, i, and r 
represent the number of check lines, locations, and replicates per loca­
tion, respectively. The variances for the difference between line means 
and recurrent parent means, used in calculating LSDs, were calculated as 
the sum of the error variances of line means with that of their recurrent 
parent means. 
Because the growth rate index parameter was calculated from data 
bases with only one location in common, a standard error for growth rate 
index could not be calculated directly from the analysis of variance. 
Instead, approximate standard errors were calculated using the square 
root of the variance of a ratio, V(X/Y), defined as: 
V(X/Y) = ^ [Y^ V^  + X^Vy - 2XY COV^ ] (Kempthome and Folks, 1971) 
where: X = biomass, 
Y = heading date, 
V ,V = error variances for X and Y. resuectivelv. and 
X y 
GOV = error covariance between X and Y. (This term was inestimable 
xy 
and assumed to be equal to zero.) 
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2. Mating design 
The incomplete 3-way factorial mating design of H. vulgare x 
H. spontaneum x backcross generation was evaluated over locations using 
the Type 1 method in the SAS (Statistical Analysis System) Varcomp 
procedure. The coefficients of the variance components and the mean 
squares estimated by the Type 1 method were used to construct syn­
thetic mean squares (Cochran and Cox, 1957; Steel and Torrie, 1980) 
for making approximate F-tests. The following random model was 
used: 
+ (SG)., + (VS)^  ^+ (ÏIG). + (SLG). + (VSL)^ J^  
+ (VSC).J^  ^+ (VSLG)Y^ ,. 
where: = the mean of the jk£^^ population for GWT, BWT, SWT, HT, 
HD, or HI at the i*"^ location, 
= the effect of the i^  ^location, 
Gj = the effect of the backcross generation, 
= the .. "^ct of the k^^ H. vulgare parent, 
3^  = the effect of the H. spontaneum parent, and 
the terms in parentheses are first-, second-, or third-order interaction 
effects of the designated main effects. 
3. Genetic variance and covariance 
Genetic components of variance and covariance were estimated within 
each population from analyses of variance and covariance, respectively. 
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from the model: 
+ e _ , for a given population K, 
where: = the mean of line at the i^  ^location, 
= the effect of the i^  ^location, 
Gj = the effect of the jline, and 
e.. = the interaction of the jline in the i^  ^location. 
Standard errors of the genetic variance components were calculated using 
the same procedures as Comstock and Moll (1963). 
D. Correlations 
Phenotypic and genotypic correlations were estimated on an intra-
population basis. The phenotypic correlations were calculated from 
line means for pairs of traits and the genotypic correlations were 
based on the following formula (Falconer, 1981): 
where: 
5 = the estimated genetic covariance between traits x 
xy 
and y, and 
5 and a = the estimates of genetic variance for traits x and 
X y 
y, respectively. 
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E. Orthogonal Polynomials 
Given the model 
I^J '^I + GJ + , 
where: Y^ . = the level of expression of a trait in the generation 
at the i^^  location, 
= the effect of the i^^ location, 
Gj = the effect of the j generation, 
e^j - the interaction of the i^^ location with the jgeneration, 
the change in the level of trait expression (Y^ )^ with generation (Gy) 
was described using orthogonal polynomials. The sums of squares due 
to linear, quadratic, and cubic polynomial responses of Y_ to G^ were 
partitioned from the generation sums of squares. The spacing of G^ 
was based on the expected proportion of H. vulgare germplasm (Table 2). 
Table 2. Expected percentage of H. vulgare germplasm in seven dif­
ferent generations 
- _. Expected percent of 
enera ion H. vulgare germplasm 
H. spontaneum 0 
BCo 50 
BCi 75 
BC2 87.5 
BC3 93.75 
BC4 96.875 
H. vulgare 100 
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Orthogonal polynomials were also used to describe the change in 
the level of genetic variance (Y^ ) with each generation. Except for 
the H. spontanéurn generation, the same generations and spacings were 
used that were used for the means (Table 2). The "genetic" variances 
for the H. vulgare generation were based on the intracheck population 
component of variance for lines obtained for the individual H. vulgare 
parents. 
F. Breeding Value Parameters 
Several parameters were used to estimate the relative values of 
lines as parents. These are described as follows: 
(1) GCA. General combining ability (Falconer, 1981) of a parent based 
on population means. GCA was calculated on an intra-species 
basis and is equal to the (parental) line effect estimate obtained 
from the PMMs. Thus, GCA,, = V. and GCAq. = S.. 
(2) SBV. Selective breeding value of a parent based on the upper 20% 
of the lines in each population. SBV was estimated with the same 
computational procedure used in estimating GCA, except that only 
the upper 20% of the lines in each population were used in the 
calculation. 
(3) SBV'. Selective breeding value of a parent based on predicted 
population means after selection (Y). Y was calculated using the 
formula, 
Y = X + K(âg^/ôp) , 
where: X = the population mean. 
29 
K = the standardized selection differential at 20% intensity 
(K=1.354 for 30 lines per population (Becker, 1975), but 
varied with line number), 
2 6^ = the intra-population genetic component of variance, 
5p = the intra-population phenotypic standard deviation (based 
on the mean square for lines divided by the total number 
of replications). 
SBV' was estimated with the same computational procedure used in 
estimating GCA except that the predicted means after selection (Y) were 
used instead of population means. 
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V. RESULTS 
A. Analysis of Variability 
Differences in productivity among the three locations were largely 
due to differences in soil moisture. Plants at the AFRC location were 
subjected to severe drought stress and consequently had mean grain yields 
of 11.6 q/ha and mean heights of 45.2 cm, which were only 43 and 51%, 
respectively, of their counterpart means from Kanawha and the Hinds Farm 
(Table 3.). Growing conditions were favorable at Kanawha where the mean 
grain yield was 12% higher than the mean under irrigated conditions at 
the Hinds Farm. 
1. Experimental precision 
2 The R -values for grain yield ranged from 75.0 to 81.1% and the 
C.V.s from 21.4 to 28.9% over the three locations (Table 4). For the 
six traits included in the combined analyses of variance (Tables 5 and 
2 6), the R -value for main effects was highest for height at 94.4%, fol­
lowed by heading date, grain yield, harvest index, biomass, and straw-
yield, with values of 84.1, 75.8, 67.5, 65.8, and 61.2%, respectively. 
2 The lower R -values for harvest index, biomass, and straw yield can be 
attributed, in part, to experimental error introduced at harvest from 
inconsistent straw cutting levels within blocks. 
Mean squares from the analyses of variance for the three H. vulgare 
check populations are included in Table 7. The mean squares can be com­
pared directly with those from the combined analyses for height and head­
ing date, and after multiplying by two to scale for replicates. 
Table 3. Progeny means^  of the H. vulgare and H. spontaneum parents for grain yield and 
height at each location 
Grain yield (q/ha) Height (cm) 
AFRC Hinds Kanawha Mean AFRC Hinds Kanawha Mean 
H. vulgare 
Manker 12.010.1 27.910.4 30.5+0.3 23. 510.3 45.910.3 95.4+0. 6 89. 710. 6 76. 910.5 
M31 10.7+0.2 21.7+0,5 24.810.4 19. 1+0.3 45.010.4 86.910. 8 81.4+0. 7 71. 110.6 
Glenn 12.1±0.2 26.8+0.6 30.310.5 23.1+0.4 44.610.5 93.111. 0 87. 710.9 75. 2+0.7 
H. spontaneum 
SI 11.8+0.3 25.610.8 28.510.7 22. 010.5 44.110.6 88.611. 3 83. 711. 1 72. 1+1.0 
S2 11.9+0.2 25.5+0.6 28.410.6 21. 910.4 46.710.5 92.7+1. 1 86. 0+0. 9 75. 1+0.8 
S3 11.4+0.5 23.011.2 26.4+1.1 20. 3+0.9 45.6+1.0 89.0+2.2 84. 911. 8 73. 2+1.6 
S4 11.4+0.3 23.410.7 27.110.6 20. 6+0.5 46.510.6 93.211. 2 88. 7+1. 0 76. 110.9 
S5 10.6+0.3 24.2+0.7 27.410.6 20. 7+0.5 44.310.5 90.711. 1 84. 611. 0 73. 210.8 
S6 11.910.3 27.4+0.8 29.710.7 23. 010.6 45.110.7 96.911. 4 89. 311. 2 77. 111.0 
S7 12.610.2 27.6+0.6 31.010.6 23. 710.4 46.1+0.5 93.211. 1 86. 810. 9 75. 410.8 
SA 11.810.2 25.910.6 29.510.5 22. 4+0.4 45.410.5 93.311. 1 88. 310. 9 75. 710.8 
S9 10.910.4 26.6+1. .1 28.911.0 22. 1+0.8 42.9+0.9 88.7+1. 9 83. 9+1. 7 71. 611.4 
Mean 11.6+0.1 25.510.2 28.510.2 21. 9+0.2 45.210.2 91.810. 4 86. 310. 4 74. 410.3 
Estimated by PMMs from the three-way no-lnteractlon model including V, S, G, where: 
pÏdÎ^^  = p+V^  and PbM^  ^= P+Sj 
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Table 4. Mean squares for grain yield evaluated over two replications 
at each of the three locations 
Source of 
variation df 
Mean squares'" 
AFRC Hinds Farm Kanawha 
Reps 1 1176. ,541 129081. ,025 3126. ,158 
Entries 2854 34. ,134 185. 542 160, .965 
Plot error 2854 11. 523 45. 245 37. 837 
CV, % 28. 9 26, .2 21. 4 
R^ , % 75, .0 80 .9 81 .1 
All mean squares are significant at the 1% level. 
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Table 5. Mean squares from combined analyses of variance for grain 
yield, height, and heading date evaluated over locations 
Mean Squares^ 
Source of 
variation Grain yield Height Heading date 
df MS df MS df MS 
Locations 2 467106. 263 2 1854472. 496 1 1545. 857 
Reps (locations) 3 7096. 659 
— 
— 
Lines 2854 279. 395 2854 233. 933 2854 20. 324 
Locations x lines 5708 50. 622 5708 46. 003 2854 3. 957 
Plot error 8562 31. 533 - — 
(main effects), % 75.8 94.4 84.1 
CV, % 25.5 9.1 3.2 
^All mean squares are significant at the 1% level of probability. 
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Table 6. Mean squares from combined analyses of variance for biomass, 
straw yield, and harvest index evaluated over two locations 
Mean squares'* 
Source of 
variation Biomass Straw yield Harvest index 
Locations 1 21879. 298 234. 650 24960. 075 
Reps (locations) 2 141774. 084 77929. 367 4641. 498 
Lines 2854 1291. 524 485. ,156 144. 906 
Locations x li^ es 2354 256. 124 122, ,263 26. 497 
Plot error 5708 235. 409 110. 257 24, .453 
(main effects), % 65. 8 61, .2 67 .5 
CV, % 20. ,7 22 .3 13 .6 
^All means are significant at the 1% level of probability. 
Table 7. Mean squares from analyses of variance of the three H. vulgare check populations for 
grain yield, biomass, straw yield, height, heading date, and harvest index, evalu­
ated over locations using line means at ch location 
IL vulgare^  Source of  ^
parent variation 
Grain^  
yield 
Biomass^  Straw^ 
yield 
Height^ Heading^  
date 
Harvest^ 
index 
Hanker Loc 
Line 
Loc X line 
4705.162** 
31.373 
23.254 
287.020* 
166.539 
135.652 
467.353** 
68.426 
47.459 
24568.864** 
78.338** 
20.074 
8.817** 
1.086 
1.541 
154.381** 
10.267 
9.362 
H31 Loc 
Line 
Loc X line 
2087.973** 
35.330* 
19.253 
10.812 
135.005 
121.341 
86.239* 
48.513 
41.153 
10732.031** 
77.171** 
12,992 
56.019** 
2.356 
1.826 
100.107** 
10.747 
9.719 
Glenn Loc 
Line 
Loc X line 
3479.559 
39.389** 
18.640 
264.862 
164.764 
144.883 
11.079 
58.708 
62.612 
18871.512** 
67.059** 
23.570 
2.400 
1.253 
1.400 
5 7.787** 
10.514 
5.859 
T^hirty lines were evaluated from each Hanker and Glenn and twenty-seven from M31. 
L^oc = locations. 
E^valuated at all three locations. 
E^valuated only at the Hinds Farm and Kanawha. 
*ASignlfleant at the 5% and 1% levels of probability, respectively. 
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comparisons can be made for grain yield, biomass, straw yield, and har­
vest index. Usually, the locations x lines mean square was larger in the 
combined analysis: 149% for heading date, 144% for height, 59% for 
harvest index, 24% for grain yield, and 22% for straw yield, although 
5% smaller for biomass. This indicates that the interaction of lines 
with locations was generally more pronounced with the less adapted back-
cross progeny. 
Mean squares for lines in the check populations were usually 
larger than their respective lines x locations mean squares and in 
several cases the ratios were significant. Significance at the 1% level 
was obtained in all three populations for height and significance for 
grain yield was obtained at the 1% level in the Glenn population and at 
the 5% level in the M31 population. Possible causes for significant 
variation among line means within varieties are: (a) actual genetic 
variability among the lines; (b) environmentally-induced maternal ef­
fects; or (c) a spurious property of the statistical model. 
2. Factorial mating design 
Mean squares, variance components, and their standard errors from 
the factorial mating design evaluated over locations are given in Tables 
8 through 13, where Loc, Gen, Vulg, and Spon refer to locations, back-
cross generations, H. vulgare, and H. spontaneum, respectively. The 
variance components for H. vulgare and H. spontaneum are both estimates 
of general combining ability variance and the variance component for the 
H. vulgare x H. spontaneum interaction estimates the specific combining 
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Table 8. Mean squares, variance components, and standard errors 
for grain yield from the factorial mating design evalu­
ated over three locations 
Source of 
variation' 
Degrees of 
freedom 
Mean 
squares 
Estimates of 
variance 
components 
Loc 2 7614.326** 77.579 + 52.10 
Gen 4 1452.260** 23.418 ± 13.68 
Loc X Gen 8 79.489** 3.939 + 1.73 
Vulg 2 578.841** 5.100 + 4.03 
Spon 8 40.994** 0.964 + 0.56 
Vulg Loc 4 78.163** 2.394 + 1.36 
Vulg { Gen 8 28.081** 1.078 + 0.62 
Spon X Loc 16 4.672** 0.377 ± 0.15 
Spon X Gen 31 5.994 0.121 + 0.29 
Vulg X Spon 10 6.920 0.107 + 0.24 
Vulg X Loc X Gen 16 3.962** 0.450 0.20 
Spon X Loc X Gen 62 0.874 -0.197 0.13 
Vulg X Spon X Loc 20 1.222 -0.015 + 0.10 
Vulg X Spon X Gen 32 5.634** 1.450 0.43 
Vulg X Spon X Loc X Gen 64 1.283 1.283 + 0.29 
o^c = location. Gen = backcross generation, Vulg = H. vulgare 
parent, and Spon = H. spontaneum parent. 
^^ Significant at the 1% level of probability. 
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Table 9. Mean squares, variance components, and standard errors 
for biomass from the factorial mating design evaluated 
over two locations 
c £ r. £ Estimates of Source of Degrees of Mean 
, .^ a ? , variance 
variation freedom squares 
components 
Loc 1 429.259* 3.725 + 3.29 
Gen 4 3169.428** 77.196 + 44.76 
Lcc X Gen 4 22.486 0.617 0.65 
Vulg 2 3414.280** 83.327 57.38 
Spon 8 279.491* 7.990 + 6.00 
Vulg X Loc 2 49.475* 1.306 + 1.06 
Vulg X Gen 8 157.358** 9.940 + 5.49 
Spon X Loc 8 10.281 0.430 + 0.45 
Spon X Gen 31 48.996 4.259 + 3.29 
Vulg X Spon 10 86.099** 6.785 + 4.18 
Vulg X Loc X Gen 8 9.426 0.564" + 0.69 
Spon X Loc X Gen 31 6.600 0.336 + 1.01 
Vulg X Spon X Loc 10 5.220 -0.166 + 0.59 
Vulg X Spon X Gen 32 29.768** 11.927 ± 3.42 
Vulg X Spon X Loc x Gen 32 5.915 5.915 1.88 
L^oc = location. Gen = backcross generation, Vulg = H. vulgare 
parent, and Spon = H. spontaneum parent. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table 10. Mean squares, variance components, and standard errors for 
straw yield from the factorial mating design evaluated 
over two locations 
Source of Degrees of Mean Estimates of 
variation freedom squares V CZ. i. 
components 
Loc 1 1.010 0.306 + 0.13 
Gen 4 332.423** 6.609 5.06 
Loc X Gen 4 6.593 0.137 ± 0.10 
Vulg 2 2269.117** 34.957 25.89 
Spon 8 115.516* 2.226 ± 2,77 
Vulg X Loc 2 22.635** 0.632 + 0.52 
Vulg X Gen 8 50.554** 3.013 + 1.90 
Spon X Loc 8 5.592 0.170 + 0.27 
Spon X Gen 31 28.142* 3.739 + 1.88 
Vulg X Spon 10 47.327** 4.301 2.44 
Vulg X Loc X Gen 8 2.903 0.007 0.24 
Spon X Loc X Gen 31 3.714 0.476 + 0.56 
Vulg X Spon X Loc 10 2.830 0.024 = 0.33 
Vulg X Spon X Gen 32 11.097** 4.186 + 0.61 
Vulg X Spon X Loc X Gen 32 2.726 2.726 + 0.94 
L,oc = location. Gen = backcross generatiori, Vulg = H. vulgare 
parent, and Spon = H. spontaneum parent. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table 11. Mean squares, variance components, and standard errors for 
height from the factorial mating design evaluated over 
three locations 
Source of Degrees of Mean 
. ^ . a 2 , variance 
variation* freedom squares 
 ^ components 
Loc 2 63016.232** 653.869 + 464.16 
Gen 4 263.349* 3.080 2.72 
Loc X Gen 8 51.015** 2.282 1.20 
Vulg 2 837.244 6.593 6.30 
Spon 8 86.577 0.615 + 1.37 
Vulg X Loc 4 175.868** 5.295 3.28 
Vulg X Gen 8 27.763 0.382 o
 
H
 
Spon X Loc 16 14.826 0.500 ± 0.53 
Spon X Gen 31 27.680* 1.740 + 1.28 
Vulg X Spon 10 47.224* 2.047 + 1.54 
Vulg X Loc X Gen 16 5.668** 0.533 + 0.32 
Spon X Loc X Gen 62 3.189 0.424 ± 0.34 
Vulg X Spon X Loc 20 8.164** 1.416 + 0.62 
Vulg X Spon X Gen 32 15.488** 4.424 + 1.26 
Vulg X Spon X Loc x Gen 64 2.216 2.216 + 0.55 
c^c = location. Gen = backcross generation. Vulg = H- vulgare 
parent, and Spon = H. spontaneum parent. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively . 
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Table 12. Mean squares, variance components, and standard errors 
for heading date from the factorial mating design 
evaluated over two locations 
Source of 
variation" 
Degrees of 
freedom 
Mean 
squares 
Estimates of 
variance 
components 
Loc 1 39.984 0.268 + 0.35 
Gen 4 36.709** 0.886 ± 0.56 
Loc X Gen 4 1.133 0.041 ± 0.04 
Vulg 2 57.957 0.702 + 1.10 
Spon 8 14.367** 0.503 ± 0.33 
Vulg X Loc 2 10.982** 0.349 ± 0.25 
Vulg X Gen 8 1.744 0.024 ± 0.07 
Spon X Loc 8 1.405** 0.145 ± 0.06 
Spon X Gen 31 1.575 0.073 + 0.12 
Vulg X Spon 10 2.430* 0.166 ± 0.13 
Vulg X Loc X : Gen 8 0.570 -0.010 0.05 
Spon X Loc X : Gen 31 0.429 -0.113 + 0.10 
Vulg X Spon X Loc 10 0.214 -0.109 0.05 
Vulg X Spon X Gen 32 1.493* 0.411 0.20 
Vulg X Spon X Loc X Gen 32 0.671 0.671 ± 0.05 
o^c = location. Gen = backcross generation, Vulg = H. vulgare 
parent, and Spon = H. spontaneum parent. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively . 
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Table 13. Mean squares, variance components, and standard errors for 
harvest index from the factorial mating design evaluated 
over two locations 
Source of 
variation^  
Degrees of 
freedom 
Mean 
squares (xlO) 
Estimates of 
variance 
components (xlO) 
Loc 1 4384.674** 44.679 + 37.30 
Gen 4 7598.360** 195.064 115.45 
Loc X Gen 4 94.714** 4.965 2.88 
Vulg 2 368.556** 5.396 4.21 
Spon 8 110.336 2.396 + 2.61 
Vulg X Loc 2 0.900 -0.015 + 0.03 
Vulg X Gen 8 19.458 -0.741 + 0.94 
Spon X Loc 8 3.606 -0.014 ± 0.19 
Spon X Gen 31 48.091 4.840 3.42 
Vulg X Spon 10 41.225 1.435 2.32 
Vulg X Loc X Gen 8 1.594 -0.575 ± 0.24 
Spon X Loc X Gen 31 3.894 -0.667 + 0.27 
Vulg X Spon X Loc 10 5.197 -0.019 0.62 
Vulg X Spon X Gen 32 29.250** 11.987 3.60 
Vulg X Spon X Loc X Gen 32 5.276 5.276 1.81 
"^ oc = location. Gen = backcross generation, Vulg = H. vulgare 
parent, and Spon = H. spontaneum parent. 
**Significant at the 1% level of probability. 
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ability variance. 
For all six traits, the variance components for H. vulgare and 
backcross generations were larger than the variance components for H. 
spontaneum. The H. spontaneum variance components were typically 
small, with significance at the 1% level observed only for grain yield 
and heading date. The H. vulgare x H. spontaneum (i.e., specific com­
bining ability) variance components were also small, with estimates 
being smaller than the H. spontaneum variance components for all traits 
except straw yield and height. 
The most important interaction variance component in the experiment 
was H. vulgare x H. spontaneum x backcross generations. It was larger 
than the H. spontaneum variance component and also all first, second and 
third order interaction variance components for all traits except for 
the H. vulgare x H. spontaneum variance component for straw yield. In 
general, however, interactions which involved backcross generations had 
smaller variance components and were less significant than the main 
effects. For example, the H. vulgare and backcross generation variance 
components were larger than all variance components involving backcross 
generation interactions, for all traits. The smaller H. spontaneum com­
ponent, however, was only larger than the H. spontaneum x backcross 
generation component for grain yield, biomass and heading date. 
The effect of locations was extreme for height and grain yield, 
the only productivity-related traits evaluated at all three locations. 
Comparing the locations variance components for height and grain yield 
with the second largest components for the respective traits, the 
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locations variance component was apprcxizatzly one hundred times 
larger for height and more than three times larger for grain yield. 
Much of this large effect of locations resulted from the low productivity 
of the AFRC location. The only other trait evaluated at the AFRC loca­
tion, heading date, was only slightly affected by the low productivity 
conditions ; the locations mean square was non-significant and the vari­
ance component was smaller than those of the other main effects. Of the 
three traits not evaluated at the AFRC, biomass, straw yield, and har­
vest index, the locations mean squares were significant only for harvest 
index. 
Interactions with locations involving H. vulgare and backcross 
generations were usually significant for height, grain yield, and head­
ing date, the three traits evaluated at the ATRC location, but they were 
small and usually non-significant for biomass, straw yield and harvest 
index. For all traits, interactions involving H. spontanéum and loca­
tions were usually nonsignificant and the components of variance were 
relatively small. 
The most substantial interaction with locations was the H. vulgare 
X locations interaction for height. The M31 progeny were approximately 
7 cm shorter than the mean of the Manker and Glenn progeny at both the 
Hinds Farm and Kanawha; however, at the AFRC they were taller than the 
Glenn progeny and only 0.9 cm shorter than the Manker progeny (Table 6). 
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B. Means 
1. Parents, per se and inter se 
The means of the H. vulgare parents, the H. vulgare historical 
checks, and the H. spontaneim parents for grain yield, biomass, straw 
yield, height, heading date, harvest index, and growth rate index are 
given in Table 14. Among the H. vulgare lines, there is a major trend 
over time towards higher values of grain yield, biomass, harvest index 
growth rate index, and straw yield, coupled with a slight trend towards 
shorter plant height and earlier heading date. In general, this same 
pattern is even more pronounced between H. spontaneum and H. vulgare, 
where the H. vulgare lines typically have much higher values for all 
traits except height and heading date. 
The effects of the parental lines per se and their effects inter se, 
measured by GCA and SBV, for grain yield, biomass, straw yield, growth 
rate index, height, heading date, and harvest index are given in Table 
15 for H. spontaneum and Table 16 for H. vulgare. Correlations among 
the three measures of parental effect, i.e., GCA, SBV, and per se, are 
presented in Table 17 for each H. vulgare and H. spontaneum. The corre­
lations for H. vulgare were extremely high for all combinations of 
effects, but often lacked significance because of having only one degree 
of freedom. High correlations for H. vulgare were expected because 
the level cf H. spontaneum gsrmplasm in the progeny decreased by 50% 
with each backcross. Hence, there was a high degree of autocorrelation 
in the H. vulgare estimates. Correlations for H. spontaneum were 
high for GCA vs. SBV and intermediate for both GCA vs. per se and SBV 
Table 1/,. Means of the H. vulgare parents, H. vulRare historical checks, and the II. spontaneuni parents 
for grain yield, blotnass, straw yield, height, heading date, harvest Index and growth rate 
Index 
Line Origin 
Grain 
yield 
Blo-
mass 
Straw 
yield 
Height 
Head­
ing 
date 
q/ha days 
jl. spontaneujn, parents 
S]^ Afghanistan 
$2 Iraq 
S3 Israel 
Israel 
S6 
'8 
Israel 
Israel 
Israel 
Israel 
Israel 
LSD,05 
Among H. vulgare parents 
H. vulgare parents vs. lines 
Other comparisons 
1.7 
5.8 
8 . 1  
4.5 
16.0  
2 2 . 2  
2.7 
1 1 . 0  
15.3 
2 . 2  
7.9 
10.9 
0.4 
2 . 8  
3.9 
"origin and year of release or introduction. 
bSame as Wise. Fed. 38. 
Harvest 
index 
1 . 2  
5.1 
5.8 
Growth 
rate 
index 
vulgare, parents 
Hanker Minnesota (]974) 29. 4 89.3 52, .7 76.0 61.5 40.9 1. 45 
K31 Minnesota 24. 0 70.6 41. 4 67, .7 63.8 41.2 1. 11 
Glenn North Dakota (1978) 28. 4 88.9 54. ,4 72, 7 61.7 38.8 1. 44 
vulgare, other 
44.5 1. 36 Dowers Michigan (1978) 29, .0 87.0 49. ,1 69, 0 64.0 
Mo rex Minnesota (]978) 30. 4 87.3 51, .5 75, 0 61.5 41.6 1. ,42 
Larker North Dakota (1961) 23. 6 83.0 51, ,2 78, 7 61.5 37.7 1. 35 
Traill North Dakota (1956) 22. 8 71.4 43. ,4 77. 0 64.5 38.9 1. 11 
Kindred North Dakota (1942) 16. 9 64.9 40. 5 71. 9 66.5 26.3 1. li 
Betzes Poland (1938) 16. 7 74. i 53. 1 75, 4 62.0 38.1 1. 05 
Mars Minnesota (]937) 14. 2 56.6 36. ,7 68, 9 61.5 33.2 0. 92 
Barbless Wisconsin (1929) 14. 4 58.5 38, 3 81, ,5 67.5 32.4 0. 87 
Oderbrucker Germany (J889) 15. 8 71.2 48. 8 88, ,4 68.0 29.2 1. 05 
Manchuria Germany (J861) 14, 2 55.2 32, .6 77, .0 65.0 38.7 0. 85 
3.0 25.8 22, 9 80.2 75 .5 10.8 0.34 
4.1 32.8 27. 8 78.0 64 .0 14.8 0.51 
2.2 23.5 21. 9 79.0 77 .5 7.0 0.30 
2.9 33.4 30. 5 81.2 75 ,5 9.1 0.44 
1.8 30.1 28, 3 68.5 79 .0 9.5 0.38 
3.6 36.9 32. 3 94.0 65 .5 12.3 0.56 
5.9 53.3 46, 3 85.7 74 .5 13.1 0.71 
1.6 14.3 12, 7 74.7 77 .0 10.6 0.19 
4.3 37.1 32, 6 79.0 74 .5 12.2 0.50 
Table 15. Effects of the ]l. spontimeum parents per se, alon^j with their GCA and SBV effects^ for 
grain yield, biomass, straw yield, growth rate index, height, heading date, and harvest indfîx 
S2 
per ae 
GCA 
SBV 
per se 
GCA 
SBV 
per ae 
GCA 
SBV 
per ae 
GCA 
SBV 
per se 
GCA 
SBV 
per se 
GCA 
SBV 
per se 
GCA 
SBV 
per ae 
GCA 
SBV 
per ae 
GCA 
SBV 
Grain 
yield Bloma.'if 
S t raw 
yield 
Growth 
rate 
index 
Height 
Heading 
date 
q/ha — days 
Harvest 
index 
-0.312 .9 -6.1111.0 -5 .515 .5 -0 .1010.11 0 .213 .9 1 811 .1 -0 .2 2.6 
0.1 iO .5 -1.111.7 -1 .211 .2 -0 .0210.03 -2 .311 .0 0 210 .3 0 .8 4.5 
0.510 .4 -0.811.2 -0 .110 .8 -0 .0110.02 
0.812 .9 0.9111.0 -0 615 .5 0 .0710.13 -2 .013 .9 -9 711 .1 3 .8 2.6 
0.110.4 -1.611.4 -1 .511 .0 0 .00+0.02 0 .710 8 -1 610 .2 0 7 3.6 
0.510 .4 -0.511.0 -1 .310 7 0 .0210.02 
-1.112 .9 -8.4±!5.0 -6 .515 .5 -0 .1410.10 -1 .013 .9 3 811 .1 -4 0 2.6 
-1.610 .9 -5.01:'-.8 -2 .711 .9 -0 .0910.04 1 .211 .6 0 5+0 .5 -0 8 7.2 
-1.810 7 -4.31.1.9 -2 .111 .3 -0 .0910.03 
-0.412 9 1.5HÎ.0 2 115 5 0 .0010.11 1 .213 9 1 8+1 1 -1 9 2.6 
-1.310 5 -1.811.6 -0 111 0 -0 04+0.02 1 710 9 0 310 3 -1 5 4.0 
-1.410 4 -2.511.1 -0 610.7 -0 0610,02 
-1.512 9 -1.81IL0 -0 115 5 -0 0610.10 -11 513 9 5, 3+1.1 -1 5 2.6 
-1.110 5 -4.011.5 -2 811 0 -0 0710,02 -1 210 8 0. 310 2 0.0 3.8 
-1.510 4 -4.811.0 -3 510 7 -0 07+0.02 
0.312 9 5.018.0 3 915 5 0 12+0.12 14 013 9 -8. 2+1 1 1 3 2.6 
1.110 6 4.711.8 3 111 3 0 0910.03 2 711 0 -0. 8+0 3 0 0-4.7 
0.710 4 3.311.3 2 010 9 0 0610,02 
2.612 9 21.4+8.0 17 915 5 0 2710.11 5 713. 9 0. 811 1 2. 1- 2.6 
1.910 4 6.011.4 3 711 0 0 1010.02 1 010.8 -0. 3+0 2 0 3- 3.6 
1.710.3 5.111.0 3. 410, 7 0 0910.02 
-1.712 9 -17.618.0 -15. 715. 5 -0 2510.10 -5. 313. 9 3. 311 1 -0. 4- 2.6 
0.510 4 1.111.4 0.410.9 0 0210.02 1, 310. 8 -0. 2±0 2 0. 3- 3.5 
0.910. 3 2.610.9 1. 310. 6 0. 0510.02 
1.012 9 5.218.0 4. 215. 5 0, 0610.11 -1, 013. 9 0. 811. 1 1. 2-2.6 
0.310. 8 1.812.5 1. Oil. 7 0. 0010.04 -2. 811. 4 -1. 4+0. 4 0. 2-6.4 
0.310. 6 1.911.7 0.811. 2 0. 0110.03 
S, = IWls, 
and SBV effects were calculated from PMMs from a three-way model including V, S, and G, where: 
-
Table 16. Effects of the H. vulgare parents, per se, along with their GCA and SBV 
effects^ , for grain yield, biomass, straw yield, growth rate index, height, 
heading date, and harvest index 
Manker per se 
GCA 
SBV 
Grain 
yield Biomass 
2.1x0,5 
1.610.3 
2.010.2 
— q/ha 
6.4+1.2 
4. 6lO. 61 
5.8+0.6 
Straw 
yield 
Growth 
rate 
index 
3.2+0.8 
2.4+0.6 
3.110.4 
0.12+0.02 
0.08+0.01 
0.1010.01 
Height Heading date 
cm 
3.910.7 
2.5+0.5 
days 
-0.8+0.3 
-0.7+0.5 
Harvest 
index 
% 
0.610.4 
0.510.2 
M31 per se 
GCA 
SBV 
-3.2+0,6 
-2.810.3 
-2.9+0.2 
-12.411.3 
-10.711.3 
-10.6±0.7 
-8.1+0.9 
-7.010.7 
-7.0+0.5 
-0.23+0.02 
-0.1910.02 
-0.13+0.01 
-4.410.8 
-3.310.7 
1.5+0.3 
1 . 1 1 0 . 2  
0.910.5 
0.3+0.3 
Glenn per se 
GCA 
SBV 
1.110.5 
1.210.4 
0.910. i 
6.011.3 
6.1+1.0 
4.810.9 
4.910.8 
4.610.9 
4.0+0.6 
0.1110.02 
0.1110.02 
0 .0810.02 
0.5+0.7 
0.810.6 
-0.610.3 
-0.510.2 
-1.4+0.4 
-0.810.3 
G^CA and SBV effects were calculated from from a three-way model Including V, S, 
and G, where: 
/s 
PMM . v". - fl-u-ly 
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Table 17. Correlations among GCA, SBV, and per se effects for each of 
the H, vulgare and H. spontaneum parents for grain yield, 
biomass, straw yield, growth rate index, height, heading 
date, and harvest index 
Trait 
GCA vs. per se GCA vs ;. SBV SBV vs. per se 
H. 
vulgare 
H. 
spontan-
emn 
H. 
vulgare 
H. 
spontan-
eum 
H. 
vulgare 
H. 
spontan­
eum 
Grain yield 0.995 0.687* 0.991 0.964** 0.999* 0.621 
Biomass 0.995 0.603 0.991 0.964** 0.999* 0.452 
Straw yield 0.998* 0.592 0.994 0.947** 0.999* 0.417 
Growth rate index 0.993 0.644 0.988 0.956** 0.999* 0.501 
Height 0.992 0.488 
Heading date >0.999** 0.748* 
Harvest index 0.966 0.681* 
*,A*Significant at the 5% and 1% levels of probability, respec­
tively. 
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vs. per se. By expectation, GCA vs. SBV correlations should be positive 
because the SBV estimates were based on a subset of the data used to 
estimate GCA. Correlations involving the per se effects, however, are 
based on independent data sets. The intermediate to high correlations 
involving the per se effects indicated that the H. spontaneum lines, per 
se, were effective predictors of their GCA. 
2. Backcross generations 
Estimates of the backcross generation means for each recurrent 
parent, along with the overall backcross generation means, are presented 
in Table 18 for grain yield, biomass, straw yield, growth rate index, 
height, heading date, and harvest index. The means of seven generations, 
which include the backcross and the two-parent generations, are plotted 
for each recurrent parent in Figure 1 for grain and straw yield. Figure 2 
for biomass and harvest index, and Figure 3 for height and heading date. 
A composite graph comparing the levels of the six traits is presented in 
Figure 4, where the seven generation means are plotted as a percent of 
the H. vulgare parents' mean. 
Relative to H. vulgare, the traits with the lowest levels of expres­
sion in H. spontaneum were the traits connected with grain yield (i.e., 
grain yield, biomass, harvest index, and growth rate index). The 
mean of the H. spontaneum lines was only 12% of the H. vulgare lines 
for grain yield, 27% for harvest index, 38% for biomass, and 57% for 
straw yield (Figure 4). After successive generations of mating to H. 
vulgare, there was a linear increase in the level of each of these traits 
toward the mean of H. vulgare. In contrast, height was 7% greater in 
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Table 18. Backcross generation means^  along with generation means 
for each recurrent parent for grain yield, biomass, straw 
yield, growth rate index, height, heading date, and 
harvest index 
Generation 
BCq BC^  BC2 BC3 BC^  per se 
Recur­
rent 
parent 
Grain yield (q/ha) 
Manker 
M31 
Glenn 
Mean 
Manker 
M31 
Glenn 
Mean 
Manker 
M31 
Glenn 
Mean 
Manker 
M31 
Glenn 
Mean 
Manker 
M31 
Glenn 
Mean 
14.8±0.5 
12.7±0.5 
13.9+0.7 
13.8±0.4 
61.8+1.6 
54.1±1.8 
63.2±2.2 
59.7±1.2 
43.5±1.1 
38.4±1.3 
45.9+1.6 
42.6±0.8 
21.9±0.5 
18.4+0.5 
20.9+0.7 
20.4±0.4 
25.3+0.5 
20.5+0.5 
24.8±0.7 
23.5±0.4 
Biomass (q/ha) 
27.1±0.5 
21.8±0.5 
27.4+0.7 
25.3±0.4 
74.5±1.7 
62.2±1.8 
75.5+2.2 
70.8±1.2 
83.3±1.7 
65.8±1.8 
84.5±2.2 
77.9±1.2 
86.6+1.7 
67.8±1.8 
87.0±2.5 
80.5±1.3 
Straw yield (q/ha) 
47.3±1.1 
39.9±1.3 
49.7±1,6 
45.6±0.8 
51.9+1.2 
41.0+1.3 
53.7±1.6 
48.9±0.8 
52.8±1.2 
41.3+1.3 
53.5±1.8 
49.3±0.9 
Growth rate index 
1.01±0.03 1.24+0.03 
0.87±0.03 1.00+0.03 
1.03±0.04 1.25±0.04 
0.97+0.02 1.16+0.02 
78.3+1.0 
75.8±1.1 
77.4+1.0 
72.0±1.1 
75.oil.4 
1.35+0.03 
1.04+0.03 
1.36±0.04 
1.25±0.02 
Height (cm) 
77.7±1.0 
71.4±1.1 
75.1+1.4 
1.39±0.03 
1.06±0.03 
1.41±0.04 
1.29±0.02 
75.8+1.0 
69.2±1.1 
73.6il.5 
28.4±0.5 
21.9±0.6 
30.1±1.0 
26.2±0.5 
88.9±1.8 
67.4+2.0 
96.1±3.5 
82.6±1.5 
53.4±1.3 
40.6+1.4 
58.9+2.5 
50.1+1.0 
1.42+0.03 
1.04±0.03 
1.54±0.06 
1.30±0.02 
29.4±0.5 
24.0±0.6 
28.4±0.5 
27.3±0.3 
89.3±1.5 
70.6±1.5 
88.9±1.5 
82.9±0.9 
52.7±1.0 
41.4+1.1 
54.4±1.0 
49.5±0.6 
1.45±0.13 
1.11±0.12 
1.44±0.14 
1.33+0.09 
76.1+1.1 76. 
67.0+1.2 67. 
0+0.7 
7±0.8 
77.3±0.7 75.0±0.7 74.8±0.7 72.9±0.7 72.0+0.8 72.1+0.4 
where : PMMs from a two-way no-interaction model including V and S, 
Pb^  = ? ^ ïoîv^ /ny (where PMMy^  is defined as in b). 
P^MMs a two-way no-interaction model including V and S, 
PMMv^  = P+Vi. 
where 
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Table 18. (Continued) 
Recur­
rent 
parent 
Generation 
BCr BC, BCr BC, BC, per se 
Heading date (days) 
Manker Ô1.7i0.3 Ô0.0±0.3 61.7±0.3 62.2+0.3 62.6±0.3 61.5±0.3 
M31 62.5±0.3 62.4+0.3 63.3±0.3 64.0±0.3 65.1+0.4 63.8±0.3 
Glenn 61.6±0.4 60.5+0.4 62.2+0.4 62.0±0.5 62.5±0.5 61.7±0.3 
Mean 62.0+0.2 60.9±0.2 62.4+0.2 62.8±0.2 63.5±0.5 62.3±0.2 
Harvest index (%) 
Manker 
M31 
Glenn 
Mean 
29.5±0.5 
28.7±0.5 
27.9+0.6 
28.710.3 
36.5+0.5 
36.0+0.5 
34.1±0.6 
35.7+0.3 
37.7+0.5 
37.8±0.5 
36.6±0.6 
37.3+0.3 
39.1±0.5 
39.1±0.5 
38.6+0.7 
38.810.3 
39.810.5 
39.9+0.6 
39.011.0 
39.510.4 
40.910.5 
41.210.5 
38.810.5 
40.310.3 
Figure 1. Trends over generations in the means for straw and grain 
yield for each of the H. wilgare parents, where S 
designates the mean of the H. spontaneum parents and V 
the H. vulgare parent 
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Manker 
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Figure 2. Trends over generations in the means for harvest index and 
biomass for each of the H. vulgare parents, where S 
designates the mean of the H. spontaneum parents and V the 
H. vulgare parent 
44 
40 
36 
32 
28 
24 
20 
16 
12 
8 
96 
88 
80 
72 
64 
56 
5ô 
BCo 
Generation 
Figure 3. Trends over generations in the means for heading date and 
height for each of the H. vulgare parents, where S 
designates the mean of the H. spontaneum parents and V 
the H. vulgare parent 

Figure 4. Trends over generations in the means for grain yield, biomass, harvest index, straw 
yield, heading date, and height expressed as a percent of the mean of the H. vulgare 
parents, where S and V designate the mean of the H. spontaneum and H. vulgare 
parents, respectively 
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in H. spontaneum and decreased slightly with successive matings to H. 
vulgare. Heading date was the least consistent trait; H. spontaneum 
was 18% greater than K. vulgare, the BC^  was 1% less, the BC^  was 2% 
less, and then there was a steady increase to 2% above H. vulgare by 
the BC^ . 
Mean squares for generations, locations, and generations x loca­
tions, along with a subdivision of the generations sums of squares into 
components due to linear, quadratic, and cubic polynomial regressions 
on percent of H. vulgare germplasm, are given in Table 19 for grain 
yield and height. Table 20 for biomass and straw yield, and Table 21 for 
harvest index and heading date. The mean squares for the linear compo­
nents were significant at the 1% level for grain yield, biomass, straw 
yield, and harvest index. The mean square for the quadratic component 
was significant only for heading date at the 5% level. 
A very close fit to a linear regression model was observed for 
grain yield, biomass, straw yield, harvest index, and growth rate. The 
percentage of the generations sums of squares explained by linear regres­
sion was 99.6, 99.8, 97.4, 98.5, and 98.9, respectively (Table 22). 
A good fit to a quadratic polynomial regression model was observed 
for height and heading date. The percentage of the generations sums of 
squares explained by the model was 96.0 and 98.4, respectively. 
C. Variability of Backcross Populations 
1. Distribution of progeny means 
Frequency distributions of line means within each backcross genera­
tion for each recurrent parent are given in the Appendix in Tables A5 
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Table 19. Mean squares for locations, generations, and locations x 
generations for grain yield and height, along with a sub­
division of the generations sums of squares into components 
due to linear, quadratic, and cubic polynomial regressions 
on percent of H. vulgare gennplasm 
Source of 
variation 
Mean squares 
df 
Grain yield 
(q/ha) 
Height 
(cm) 
Locations 2 
Generations 6 
Linear 1 
Quadratic 1 
Cubic 1 
Generations x locations 12 
Linear x locations 2 
Quadratic x locations 2 
Cubic X locations 2 
456.130** 
225.468** 
1347.995** 
4.598 
0.023 
13.905 
82.420 
0.544 
0.005 
4459.461** 
15.006 
63.395 
21.360 
0.253 
6.310 
28.922 
6.618 
1.705 
**Significant at the 1% level of probability. 
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Table 20. Mean squares for locations, generations, and locations x 
generations for biomass and straw yield, along with a sub­
division of the generations sums of squares into components 
due to linear, quadratic, and cubic polynomial regressions 
on percent of H. vulgare germplasm 
Source of 
variation 
Mean squares 
df 
Biomass 
(q/ha) 
Straw yield 
(q/ha) 
Locations 
Generations 
Linear 
Quadratic 
Cubic 
Generations x locations 
Linear x locations 
Quadratic x locations 
Cubic X locations 
1 60.401 
6 684.373** 
1 4098.324** 
1 4.558 
1 0.504 
6 11.812 
1 24.Z09 
1 2.432 
1 0.625 
6.090 
121.357** 
709.069** 
15.083 
0.687 
11.742 
61.309 • 
6.776 
0.787 
**Significant at the 1% level of probability. 
64 
Table 21. Mean squares for locations, generations, and locations x 
generations for harvest index and heading date, along with 
a subdivision of the generations sums of squares into 
components due to linear, quadratic, and cubic polynomial 
regressions on percent of H. vulgare germplasm 
Source of 
variation 
Mean squares 
df 
Harvest index Heading date 
Locations 
Generations 
Linear 
Quadratic 
Cubic 
Generations x locations 
Linear x locations 
Quadratic x locations 
Cubic X locations 
1 
1 
1 
1 
1 
1 
25.031** 
218.482** 
1290.583** 
19.266 
0.010 
0.474 
0.033 
2.296 
0.384 
6.079 
37.617** 
153.853 
67.925* 
0.502 
1.161 
6.479. 
0.394 
0.071 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
¥ 
65 
Table 22. Percent of generations sums of squares explained by linear, 
quadratic, and cubic polynomial regressions on percent of 
H. vulgare germplasm 
Sum of 
squares, 
% 
Grain 
yield 
Bio-
mass 
Straw 
yield Height 
Head­
ing 
date 
Harvest 
index 
Growth 
rate 
index 
Incremental 
Linear 
Quadratic 
Cubic 
99.64 
0.35 
<0.01 
99.81 
0.11 
0.01 
97.38 
2 .06  
0.10 
72.78 
23.25 
0.19 
66.92 
31.44 
0.32 
98.45 
1.47 
<0.01 
98.86 
1.13 
0.01 
Cumulative 
Linear 99.64 99.81 97.38 72.78 66.92 98.45 98.86 
Quadratic 99.99 99.92 99.44 96.03 98.36 99.92 99.99 
Cubic 99.99 99.93 99.54 96.22 98.68 99.92 99.99 
Residual 0.01 0.07 0.46 3.78 1.32 0 .08  <0.01 
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through A7 for grain yield. Tables A8 through AlO for biomass. Tables 
All through A13 for straw yield. Tables A14 through A16 for growth rate 
index. Tables A17 through A19 for height. Tables A20 through A22 for 
heading date, and Tables A23 through A25 for harvest index. The skew­
ness and kurtosis values included in the tables were often significant, 
but usually did not differ in sign and magnitude from that of the check 
populations. Hence, inferences about the distribution of genetic 
effects in the backcross generations are restricted because of the non-
normality of the underlying environmental effects (referred to as 
"inherent metrical bias" by Fisher et al., 1932). The general trends in 
skewness and kurtosis values are summarized over generations and recur­
rent parents with respect to sign in Table 23. 
Table 23. General trends in skewness and kurtosis values summarized 
with respect to sign over recurrent parents and generations 
Skewness Kurtosis 
+ - Variable + - Variable 
Grain yield x x 
Biomass x x 
Straw yield x x 
Height X X 
Heading date x x 
Harvest index x x 
Growth rate index x x 
2. Genetic variances 
Mean genetic variances estimated for backcross generations of 
each recurrent parent, along with the overall mean genetic variances 
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estimated for both recurrent parents and backcross generations, are 
given in Tables 24 through 29 for grain yield, biomass, straw yield, 
height, heading date, and harvest index, respectively. The range in 
magnitude of the genetic variances among the recurrent parents, 
expressed as a percent of the lowest value, was 16% for harvest index, 
17% for grain yield, 26% for straw yield, 41% for biomass, 48% for 
heading date, and 250% for height. The great range for height resulted 
from relatively large genetic variances in the M31 populations. M31 
possesses a simply inherited semidwarf growth habit, the inheritance of 
which has been described for related Minnesota lines by Ali et al. 
(1978) and Sears et al. (1981). 
Mean genetic variances for each H. spontaneum parent, averaged 
over backcross generations and recurrent parents, are given for grain 
yield, biomass, straw yield, height, heading date, and harvest index 
in Table 30. The range in magnitude of the genetic variances among 
the H. spontaneum parents, expressed as a percent of the lowest value, 
was 35% for grain yield, 39% for biomass, 88% for harvest index, 83% 
for straw yield, 91% for height, and 245% for heading date. As with 
the recurrent parents, the range in genetic variance was relatively low 
for grain yield. 
The mean genetic variances for backcross generations are plotted 
for each recurrent parent in Figure 5 for grain and straw yield. Figure 
6 for biomass and harvest index, and Figure 7 for height and heading 
date. A composite graph comparing the levels of genetic variability for 
the six traits is presented in Figure 8, where the mean genetic variances 
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Table 24. Estimates of mean^  genetic variance for grain yield of back-
cross generations of each recurrent parent, along with mean 
genetic variances for backcross generations and recurrent 
parents 
Recurrent parent 
tion 
Manker M31 Glenn 
NE an 
BCQ 13,362±2. 027 15. 567±2. 355 7 .205+2. 810 12 .441+1, .430 
BCj^ 16.489+2. 027 16. 394±2. 355 18 .415+2. 810 16 .726±1 .430 
BC2 18.996±2. 161 14. 167±2. 355 18 .712±2. 810 17 .097+1 .449 
BC3 13.888±2. 161 12. 528±2. 355 7 .179+3. 148 11 .785±1 .493 
BC4 12,126±2. 338 7. 788±2. 555 14 .632±4. 467 10 .409+1 .734 
Mean'" 14.915±0. 988 13. 362±1. 200 12 .799±1. 576 13 .692±0 .638 
Checks^  2.706+3. 100 5. 359±3. 321 6 .916±3. 522 4 .994±1 ,916 
Estimated by  ^from the three-way VG-interaction model. 
including V, S, G, VG, 
where : PMM 
b  ^
(V«ik • W+V.+G^ +(VG).^ . 
Estimated by PMMg, from the three-way no-interaction model includ­
ing V, S, G, 
where: PMMg^  = V+Gj^  . 
E^stimated by PMMy, from the three-way no-interaction model includ­
ing V, S, G, 
where : PMMv^ = y+V^ 
"Slean variance component for check lines within each recurrent 
parent. 
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Table 25. Estimates of mean^  genetic variance for biomass of backcross 
generations of each recurrent parent, along with mean 
genetic variances for backcross generations and recurrent 
parents 
Recurrent parent  ^
Genera- Mean 
tion Manker M31 Glenn 
BCq 152. 757+15. 937 166. 879±18. 521 105. 278±22. 099 142. 719+10. 750 
BC^  157. 395+15. 937 162. 981+18. 521 116. 011±22. 099 145. 963±10. 750 
BC2 115. 374+16. 996 112. 017±18. 521 106. 394+22. 099 108. 971+10. 899 
BC3 92. 046±16. 996 104. 410±18. 521 52. 358±24. 749 83. 898+11. 227 
BC4 88. 169+18. 385 49. 358±20. 097 60. 135±35. 123 61. 757+13. 083 
Mean^  120. 691± 7. 429 119. 501+ 9. 021 85. 793±11. ,851 108. ,662+ 4. 798 
Checks^  15. ,443+27. 279 6. 832±24. ,702 9. 941+27. 864 10. 738+15. 387 
E^stimated by PMM(vG)-v f^ om the three-way VG-interaction model, 
including V, S, G, and VG,^  
where : PMM(vg)^ Jj = u+Vi+G^ + (VG) . 
E^stiaated by PMMq- from the three-way no-interaction model, includ­
ing V, S, and G,  ^
where: PMMg^  = W+G^  . 
"Estimated by PMMy. from the three-way no-interaction model, includ­
ing V, S, and G,  ^
where: PMMy^  ^= U+V^ . 
'^ lean variance component for check lines within each recurrent 
parent. 
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Table 26. Estimates of mean^  genetic variance for straw yield of back-
cross generations of each recurrent parent, along with mean 
genetic variances for backcross generations and recurrent 
parents 
Recurrent parent 
Genera- Mean 
tion Manker M31 Glenn 
BCq 78. 913±8.668 78. 653±10. 074 77. 857+12 .020 77 .51615. 754 
BCi 67. 239+8.668 71. 492±10. 074 53. 148±12 .020 64 .24215. 754 
BC2 49. 224+9.244 41. 473±10. 074 40. 603112 .020 43 .42515. 833 
BC3 36. 960±9.244 43. 741±10. 074 20. 725±13 .461 34 .745+6. 009 
BC4 32. 977±10.000 18. 212±10. 931 14. 579±19 .104 22 .51916. 978 
Mean'' 52. 731±3.976 50. 813± 4. 828 41. 924+ 6 .343 48 .489+2. 568 
Checks^  10. 483±10.662 3. 680± 6. 659 -1. 952110 .901 4 .07015. 546 
Estimated by PMM(vG)from the three-way VG-interaction model, 
including V, S, G, and VG,^   ^
where: = l^ +Vi+G^ +CVG)^ ]^  . 
E^stimated by from the three-way no-interaction model, includ­
ing V, S, and G, 
where: PMMc,. = u+G^  . 
'^ Estimated by PMMy. from the three-way no-interaction model, includ­
ing V, S, and G,  ^
where: PMMy^  = . 
"^ Mean variance component for check lines within each recurrent 
parent. 
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Table 27. Estimates of mean^  genetic variance for height of backcross 
generations of each recurrent parent, along with mean 
genetic variances for backcross generations and recurrent 
parents 
Recurrent parent  ^
Genera- Mean 
tion Hanker M31 Glenn 
BCq 51. 132±8.970 103. 625110 .424 52. 649112. 438 68. 66716. 510 
BC, 38. 606+8.970 117. 203110 .424 30. 801112.438 62. 62316. 510 
BC2 31. 752=9.566 76. 864110 .424 37. 753112. 438 47. 99616. 600 
BC3 25. 183+9.566 49. 324+10 .424 18. 901+13. 929 30. 765+6. 799 
BC4 26. 747±10.347 34. 598111 .311 20. 658+19. 768 25. 44117. 896 
Mean^  33. 818±4.499 76. 7381 5 .463 30. 7401 7. 177 47. 09912. 906 
Checks^  19. 421+6.744 21. 3931 6 .805 14. 496+ 5. ,856 18. 437+3. ,743 
"^ Estimated by from the three-way VG-interaction model, 
including V, S, G, and 
where: = •|a+Vi+G^ +(VG)£j^  . 
E^stimated by PNMg. from the three-way no-interaction model, includ­
ing V, S, and G, 
whs PMMg^ = u-K;^ . 
E^stimated by PMMy. from the three-way no-interaction model, includ­
ing V, S, and G, 
where: PMMy^ = y+V^ . 
l^ean variance component for check lines within each recurrent 
parent. 
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Table 28. Estimates of mean^  genetic variance for heading date of 
backcross generations of each recurrent parent, along with 
mean genetic variances for backcross generations and 
recurrent parents 
_ Recurrent parent , 
Mean' 
Manker M31 Glenn 
BCO 14. 0
 
w
 
00
 
H H
 
883 18. 202+2. 188 14. 931+2. 611 15. 796+1 .245 
BCi 6. 645±1. 883 9. 758+2. 188 10. 782±2. 611 8. 825±1 .245 
BC2 4. 091+2. 008 5. 764+2. 188 5. 71212. 611 5. 161+1 .263 
BC3 2. 276±2. 008 5. 698+2. 188 4. 629+2. 924 4. 133+1 .301 
BC4 2. ll'0±2. 172 3. 169±2. 374 -0. 541+4. 150 2. 330±1 .510 
Mean^  5. 753+0. 861 8, 513+1-045 7. 481±1. 373 7. 249+0 .556 
Checks^  -0. 228±0. 239 0. 265=0. 398 -0. 074i0. 239 -0. 012+0 .174 
Estimated by PMM(yq) f r o m  t h e  t h r e e - w a y  V G - i n t e r a c t i o n  m o d e l ,  
including V, S, G, and 
where: PMM^ vG)^  ^^  l:+Vj^ 4-G^ +(VG). 
E^stimated by PMMç^  from the three-way no-interaction model, includ­
ing V, S, and G, 
where: PÎ-C-ÎGV = U+G,, . 
"Estimated by PMMy. from the three-way no-interaction model, includ­
ing V, S, and G, 
where: = u+V^  . 
M^ean variance component for check lines within each recurrent 
parent. 
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Table 29. Estimates of mean^  of genetic variance for harvest index of 
backcross generations of each recurrent parent, along with 
mean genetic variances for backcross generations and recur­
rent parents 
Recurrent parent 
Genera- Mean 
tion Manker M31 Glenn 
BCq 21. 847±2. 653 20. 32513. 083 19. 737+3. 679 20. 86611. 852 
BC3_ 15. 492±2. 653 17. 011+3. 083 23. 491+3. 679 17. 93211. 852 
BC2 18. 176±2. 830 8. 965+3. 083 15. 43713. 679 14. 30811. 878 
BC3 8. 191±2. 830 12. 364±3. 083 5. 36814. 120 9. 231+1. 934 
BC4 7. 046+3. 061 391=3. 346 6. 08815. 847 5. 22312. 246 
Mean^  14. 027±1. 280 12. 25511. 554 14. 25312. 042 13. 51210. 827 
Checks^  0. 453±1. 765 0. 51411. 936 2. ,32711. 529 1. ,09811, Oil 
Estimated by PMM(VG)i]^  from the three-w^  VG-interaction model, 
including V, S, G, and VG,^  
where : = n+Vi+G^ +)ik • 
E^stimated by PMIq, from the three-way no-interaction model, includ­
ing V, S, and G, 
where : = u+G. . 
^K. K 
"^ Estimated by PMMy. from the three-way no-interaction model, includ­
ing V, S, and G, 
where: PMMy^ = U+Vj_ 
e^an variance component for check lines within each recurrent 
parent. 
Table 30. Mean® genetic components of variance for progeny populations of each H. spontaneum 
parent, averaged over backcross generations and recurrent parent, for grain yield, 
biomass, straw yield, height, heading date, and harvest index 
H. 
spontan­
eum 
parent 
Grain 
yield Biomass 
Straw 
yield Height 
Heading 
date 
Harvest 
index 
Si 14.28±2.05 122.35+15.44 64 .221 8.26 50.391 9.35 6.3511.79 15.8112.66 
S2 17.2711.68 131.73112.61 57.02+ 6.75 54.721 7.63 3.8411.46 13.05+2.17 
S3 11.79+3.30 115.49+24.82 51 .21113.29 51.68115.03 13.2412.88 14.6214.28 
S4 12.23+1.83 95.65+13.73 52 .281 7.35 42.941 8.31 6.9011.59 16.4812.37 
S5 11.26+1.75 98.55113.14 42 .461 7.03 30.10+ 7.96 4.48+1.52 11.85+2.26 
«6 11.46+2.17 79.76116.32 34 .001 8.73 47.331 9.38 6.8711.89 8.7612.81 
S7 13.5611.68 92.00112.61 42 .091 6.75 57.611 7.63 5.2211.46 15.8712.17 
Sg 14.63+1.61 123.56112.14 51 .121 6.50 45.581 7.35 8.5611.41 11.0912.09 
S9 16.74+2.96 118.87122.26 42 .02111.91 43.53+13.48 9.7912.58 14.05+3.84 
RCP^  4.99+1.92 10.74115.39 4 .071 5.55 18.441 3.74 -0.0110.17 1.1011.01 
E^stimated by WIMSj from a three-way no-interaction model, including V, S, and G ,  where: 
j = + Sj. 
M^ean genetic component of variance of check entries within each H. vulgare parent. 
Figure 5. Trends over generations in the mean genetic variances 
for grain and straw yield for each of the H. vulgare 
parents, where V designates the variance component for 
check lines within each H. vulgare parent 
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Figure 6. Trends over generations in the mean genetic variances for 
harvest index and biomass for each of the H. vulgare 
parents, where V designates the variance component for 
check lines within each H. vulgare parent 
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Figure 7. Trends over generations in the mean genetic variances for 
height and heading date for each of the H. vulgare 
parents, where V designates the variance component for 
check lines within each H. vulgare parent 
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Figure 8. Trends over generations Jn the mean genetic variances for grain yield, biomass, 
harvest index, straw yield, heading date, height expressed as a percent of the 
BCQ generation, where V designates the mean of the variance components for check 
lines within each H. vulRare parent 
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for each backcross generation are plotted as a percent of the BCq. 
Mean genetic variances for grain yield increased after the first 
two generations of backcrossing, before declining in the BC^  and again 
in the BC^ . The change in the genetic variance for grain yield over 
backcross generations was markedly nonlinear; only 2.1% of the genera­
tions sums of squares was explained by a linear regression on percent 
of vulgare germplasm (Table 31). Regression using a quadratic 
polynomial, however, accounted for 84.8% of the generations sums of 
squares. 
In general, the genetic variances for the traits other than grain 
yield decreased with each generation of backcrossing. Typically, these 
decreases were curvilinear over generations, closely fitting a quadratic 
polynomial. The percent of the generations sums of squares explained by 
a quadratic model was 99.7% for biomass, 99.3% for straw yield, and 
99.3% for height. In contrast, the decrease for heading date was almost 
entirely linear; the percent of the generations sums of squares explained 
by linear regression was 99.6%. 
D. Interrelationships of Agronomic Traits 
1. Phenotypic and genotypic correlations 
Mean phenotypic correlations for each backcross generation and 
recurrent parent are given in Table 32 for all combinations of the 
traits grain yield, biomass, straw yield, growth rate index, height, 
heading date, and harvest index. Mean genotypic correlations estimated 
for the BCq, BCg, and BC^  and each recurrent parent are given in Table 33 
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Table 31. Percent of generations sums of squares explained by linear, 
quadratic and cubic polynomial regressions of mean genetic 
variance on percent of H. vulgare germplasm 
/o dâCG 
Incremental 
Linear 2.13 70.12 90.64 81.60 99.58 80.92 
Quadratic 82.67 29.59 8.63 17.67 0.00 16.48 
Cubic 10.11 0.06 0.02 0.20 0.03 0.59 
Cumulative 
Linear 2.13 70.12 90.64 81.60 99.58 80.92 
Quadratic 84.80 99.71 99.27 99.27 99.58 97.40 
Cubic 94.91 99.77 99.29 99.47 99.61 99.99 
Residual 5.09 0.23 0.71 0.53 0.39 0.01 
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Table 3 2. Mean phenotypic correlations for each backcross genera­
tion and recurrent parent for all pair-wise combinations 
between grain yield, biomass, straw yield, height, heading 
date, harvest index, and growth rate index 
Traits 
Backcross generation 
BCr BC, BC2 BC- BC4 
Recurrent parent 
Hanker M31 Glenn 
GWT-BWT 0.78 0.84 0.81 0.84 0.84 0.82 0.86 0. /S 
SWT 0.59 0.61 0.53 0.60 0.62 0.58 0.69 0.51 
HT 0.28 0.13 0.11 0.18 0.11 0.10 0.32 0.07 
HD -0.32 0.00 -0.13 -0.20 -0.22 -0.09 -0.30 -0.13 
HI 0.57 0.49 0.60 0.43 0.55 0.56 0.45 0.57 
GRT 0.81 0.84 0.83 0.84 0.85 0.84 0.87 0.79 
BWT-SWT 0.96 0.94 0.92 0.93 0.93 0.93 0.95 0.92 
HT 0.42 0.32 0.27 0.27 0.17 0.22 0.46 0.19 
HD -0.18 0.13 0.02 -0.11 -0.18 0.07 -0.25 -0.02 
HI 0.05 0.02 0.09 -0.04 0.12 0.08 0.03 0.03 
GRT 0,97 0.97 0.98 0.98 0.99 0.98 0.98 0.97 
SWT-HT 0.45 0.43 0.36 0.35 0.24 0.29 0.53 0.27 
HD -0.11 0.16 0.08 —0.08 -0.11 0.13 -0.20 0.03 
HI -0.21 -0.31 -0.28 -0.40 -0.24 -0.27 -0.25 -0.34 
GRT 0.92 0.90 0.88 0.90 0.92 0.89 0.93 0.89 
HT-HD -0.18 0.01 -0.16 -0.13 -0.14 -0.01 -0.31 -0.05 
HI -0.12 -0.36 -0.26 -0.23 -0.16 -0.20 -0.25 -0.23 
GRT 0.44 0.32 0.29 0.29 0.18 0.23 0.49 0.19 
HD - HI -Û. 30 -0.11 -0.13 -0.05 -0.03 —0.22 —G • ]_0 —0 • OS 
GRT -0.38 -0.07 -0.18 -0.28 -0.26 -0.12 -0.38 -0.20 
HT - GRT 0.11 0.05 0.13 -0.03 0.10 0.13 0.04 0.04 
Critical values^  
P=.05 0.09 0.08 o.or 0.08 0.10 0.06 • 0 .06 0.08 
P=.01 0.12 0.10 0.7 0.11 0.12 0.08 0.08 0.11 
P^MMs from a three-way no-interaction model including, V, S, and 
G, where: 
PMMgjç, = y+Gk and = p+V^ . 
A^bsolute r-values for two-tailed significance tests. 
Table 33. Meaii^  genotypic correlations for each recurrent parent and the BCQ, BC2» and 
BC4 generations for ail palr-wlse combinations between grain yield, blomass, 
straw yield, height, and harvest index plus grain yield with heading date 
Generation Recurrent parent 
— Mean 
BCQ BCg BC^ Manker M31 Glenn 
Grain yield vs. 
Blomass 0. ,967 1. 071 1 .091 1. 106 1. 158 0.864 1. 043 
Straw yield 0. ,779 0. 654 0 .815 0. 756 0. 955 0.537 0. 749 
Height 0. ,422 0. 085 0 .158 0. 079 0. 443 • 0.144 0. 222 
Heading date -0. ,262 -0. 148 -0, .063 0. 009 -0. 302 -0.180 -0. 158 
Harvest index 0, ,814 1. 035 0, 779 0. 931 0. 923 0.773 0. 875 
Blomass vs. 
Straw yield 1. 013 0. 895 0, ,861 0. 894 0. 888 0.987 0. 923 
Height 0. 575 0. 388 0, ,244 0. 198 0. 644 0.366 0. 402 
Harvest index 0. 076 0. 303 0, ,045 0. 203 0. 154 0.068 0. 141 
Straw yield vs. 
Height 0. 555 0. 565 0. ,265 0. 316 0. 654 0.415 0. 462 
Harvest index -0. 026 -0. 115 -0. 010 -0. 078 0. 136 -0.209 -0. 050 
PMMs from a three-way no-interaction model including V, S, and G, where 
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for all combinations of the traits grain yield, biomass, straw yield, 
height, and harvest index, plus grain yield with heading date. Pheno-
typic and genotypic correlations were similar, except that the genotypic 
correlations tended to be more positive or less negative than the 
corresponding phenotypic correlations. 
Correlations were generally consistent in sign and size across 
backcross generations. The only indications of systematic shift were 
slight decreases with each backcross generation in the positive correla­
tions between height and the traits biomass, straw yield, and growth 
rate index. Often, the correlations within the M31 populations were 
larger, with values more positive or more negative than those of the 
other recurrent parents, particularly for correlations involving height 
or heading date. 
Phenotypic correlations between agronomic traits, averaged over all 
parental combinations and backcross generations, are given in Table 34. 
All of the correlations which involved heading date were slightly nega­
tive, indicating no advantage in productivity from an extended growing 
period. Height was positively correlated with grain yield, but had a 
higher positive correlation with straw yield. Hence, the correlation 
between height and harvest index was negative, because height had a 
higher correlation with the denominator of the ratio than with its 
numerator. 
2. Comparison of 2-row and 6-row head types 
Generation means based on lines with 2-row, 6-row, or segregat­
ing head types are given in Table 35 for grain yield, biomass, straw 
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Table 34. Phenotypic correlations between agronomie traits averaged 
over all parental combinations and backcross generations^  
Height Straw yield 
Grain 
yield 
Harvest 
index 
Bio­
mass 
Growth 
rate 
index 
Heading date -0.12 -0.01^  -0.17 -0.14 -0.07 -0.23 
Height 0.37 0.16 -0.23 0.29 0.30 
Straw yield 0.59 -0.29 0.93 0.90 
Grain yield 0.53 0.82 0.83 
Harvest index 0.05 0.07 
Biomass 0.98 
Cleans of correlations given in Table 32. 
N^ot significant at the 1% level of probability; all other values 
are significant. 
Table 35. Generation means^  based on lines with 2-row, 6-row or segregating head types 
for grain yield, biomaus, straw yield, growth rate index, height, heading 
date, and harvest index 
Trait Head type 
Generation 
BC^  BCj^  BCg BC3 BC4 
Grain yield 2 12.410.5 15.3+0.6 16.7+0.6 18.2+0.9 19.1+1.3 
(q/ha) seg 13.3±0.5 18.6+0.5 20.610.7 21.811.0 21.011.1 
6 14.9+0.5 21.6+0.5 24.210.5 25.5+0.5 26.410.6 
Biomass 2 70 .2+2 .0  65.612.2 72.212.2 77.0+3.3 78.414.7 
(q/ha) seg 58.511.9 68.811.9 77.7+2.4 79.0+3.6 73.1+4.1 
6 59.211.5 72.0+1.5 78.4+1.5 80.5+1.5 82.611.8 
Straw yield 2 44.911.5 47.5+1.6 52.311.6 56.512.5 55.113.6 
(q/ha) seg 42.2+1,4 46.411.4 52.3+1.7 52.5+2.6 47.9+3.0 
6 40.711.0 45.110.9 48.410.9 49.0+1.0 49.911.1 
Growth rate 2 0.97510.034 1.09010.037 1.163+0.037 1.24410.057 1.285+0.081 
index seg 0.952+0.033 1.138+0.033 1.24010.041 1.26810.061 1.159+0.069 
6 0.956+0.025 1.180+0.024 1.260+0.024 1.286+0.025 1.303+0.029 
Height 2 80.611.5 79.111.7 78.011.7 82.2+2.6 77.513.7 
seg 79.611.2 78.311.2 78.5+1.5 78.3+2.2 77.112.5 
6 73.110.8 73.3+0.7 74,110.7 72.4+0.8 71.510.9 
Heading date 2 62.610.6 60.310.6 62.310.6 62.1+1.0 61.211.4 
(days) seg 62.210.5 60.7+0.5 62.810.6 62.7+0.9 63.3+1.0 
6 62.310.3 61.1+0.3 62.4+0.3 62.8+0.3 63.710.3 
Harvest index 2 25 .6+0 .6  27.8+0.7 27.810.7 27.2+1.0 29.6+1.5 
(%) seg 27.710.5 32.810.5 32.810.6 34.0+1.0 34.7+1.1 
6 31.010.4 37.410.4 38.310.4 39.2+0.4 39.710.4 
E^stimated by each head type from a three-way, no-interaction model includ­
ing V, S, and G, where: 
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yield, growth rate index, height, heading date, and harvest index. 
In all five generations, grain yields were highest for the 6-row group 
and lowest for the 2-row group, whereas the segregating group was usually 
near the midpoint between the two. The advantage of the 6-row over the 
2-row group increased with each backcross generation through the BCg, 
after which the advantage remained relatively constant. The mean 
advantage (in q/ha) of the 6-row over the 2-row group for generations 
was as follows: 2.5 in BCq, 6.3 in BC^ , 7.5 in BC^, 7.3 in BC^, 
and 7.3 in BC^. In the BC^ , the 7.3 q/ha mean advantage of the 6-row 
group was 38.2% of the mean of the 2-row group. 
On average, the 6-row group had a 3.8 q/ha higher biomass, headed 
0.8 days later, and had a 9.5% higher 'harvest index, whereas the 2-row 
group had a 4.7 q/ha higher straw yield and a 6.6 cm taller plant height. 
The relative ranking between the 2-row and 6-row groups remained con­
stant for all traits over all generations, except for a shift in rank 
for biomass, growth rate index, and heading date in the BCg. The mag­
nitude of difference between the two groups remained about the same 
over backcross generations for biomass, growth rate index, height, and 
heading date; however, the differences for straw yield and harvest index 
tended to increase with each backcross generation through the BC^ -
3. Agronomic characteristics of superior lines 
Means for grain yield, biomass, straw yield, height, heading date, 
harvest index, and growth rate index of progeny lines and recurrent 
parent check lines having mean grain yields one standard deviation above 
the recurrent parent means are given in Table 36. The largest differences 
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Tabla 36. Means for grain yield, biomass, straw yield, height, head­
ing date, harvest index, and growth rate index of progeny 
lines and recurrent parent check lines having mean grain 
yields one standard deviation above the recurrent parent 
mean 
Recur­
rent 
parent 
Grain 
yield 
Bio­
mass 
Straw 
yield Height 
Head­
ing 
date 
Har­
vest 
index 
Growth 
rate 
index 
q/ha cm days % 
Manker progeny 34.4 103.5 60.2 76.8 61.8 41.9 1.67 
checks^ 33.5 98.9 57.1 78.6 61.1 42.3 1.62 
deviation 0.9 4.6 3.1 —1.8 0.7 -0.4 0.05 
M31 progeny 29.3 87.7 52.0 74.8 62.6 41.1 1.40 
checks^ 29.4 81.6 46.8 73.9 63.1 42.7 1.29 
deviation -0.1 6.1 5.2 0.9 -0.5 -1.6 0.11 
Glenn progeny 33.4 102.4 61.1 74.9 61.9 40.9 1.66 
checks^ 32.7 99.4 59.9 75.6 62.3 39.6 1.62 
deviation 0.7 3.0 1.2 -0.7 -0.4 1.3 0.04 
Mean pro geny deviation 0.5 4.6 3.2 -0.5 -0.1 -0.2 0.07 
^The mean of all recurrent parent check lines which had grain 
yields one standard deviation above the recurrent parent mean. 
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between the progeny and recurrent parent checks were observed for bio-
mass and straw yield, for which the mean progeny deviations were 4.6 
and 3.2 q/ha, respectively. For most traits, however, progeny and 
check values were very similar. 
E. Selection of Superior Progeny 
1. Transgressive segregation 
Percentages of lines exceeding their recurrent parent mean and 
exhibiting high transgressive segregation (i.e., one LSD above the 
recurrent parent mean) are given by generation and recurrent parent in 
Table 37 for grain yield, biomass, and straw yield. For grain yield 
and biomass, the percentages of transgressive segregates and lines 
exceeding their recurrent parent mean increased in successive backcross 
generations for each recurrent parent, except for the BC^ progeny of M31. 
The mean percentages of transgressive segregates in the BC^ , BC^, BC2» 
BCg, and BC^ were 0.0, 1.2, 3.7, 6.3 and 9.1%, respectively, for grain 
yield, and 1.1, 4.5, 6.8, 7.9, and 12.0%, respectively, for biomass, 
compared with means of 3.5 and 4.7% for the check populations of the 
two traits, respectively. The mean percentages of lines above the 
recurrent parent mean were lower than those of the check populations 
for both biomass and grain yield in all generations except the BC^. In 
the BC ,^ the percentages were 47.7 and 52.3 for grain yield and bio­
mass, respectively, compared with 47.0 and 46.0 for the check populations 
of the respective traits. 
Similar to biomass and grain yield, the percentages of lines with 
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Table 37. Percentages of lines with grain, biomass, and straw yields 
exceeding the recurrent parent mean and exhibiting high 
transgressive segregation in backcross generations of each 
recurrent parent 
Genera- Above the recurrent parent 
High transgressive 
tion 
Manker M31 Glenn Mean Manker M31 Glenn Mean 
/o 
Grain yield 
0.0 1.7 0.0 0.6 0.0 0.0 0.0 0.0 
9.7 13.3 7.3 10.1 1.1 1.9 0.7 1.2 
BC2 25.0 25.2 27.3 25.9 4.2 2.9 4.0 3.7 
BC3 33.3 30.5 46.7 36.8 5.1 8.1 5.8 6.3 
BC4 45.9 25.6 66.7 47.7 9.1 3.3 15.0 9.1 
Check^  46.7 44.4 50.0 47.0 3.3 3.7 3.3 3.5 
Biomass 
BCQ 6.9 20.4 5.9 • 11.1 0.9 2.3 0.0 1.1 
BC]_ 19.1 29.5 14.0 20.9 3.4 6.7 3.3 4.5 
BC2 33.3 36.2 35.3 35.0 6.7 7.6 6.0 6.8 
BCg 41.7 41.0 47.5 43.4 7.5 11.9 4.2 7.9 
BC4 54.1 32.8 70.0 52.3 11.0 5.0 20.0 12.0 
Checkb 43.3 48.1 46.7 
S craw 
46.0 
yield 
0.0 7.4 6.7 4.7 
BCQ 23.3 38.4 25.4 29.0 6.5 16.9 5.0 9.5 
BC^ 30.7 41.4 31.3 34.5 6.4 12.4 5.3 8.0 
BC2 45.4 47.1 44.0 45.5 7.9 10.0 10.0 9.3 
BC3 48.3 48.1 51.7 49.4 9.6 13.3 5.0 9.3 
BC4 57.4 38.3 75.0 56.9 12.0 6.1 10.0 9.4 
Check^  • 46.7 44.4 43.3 44.8 3.3 3.7 0.0 2.3 
E^xceeding the recurrent parent mean by more than one LSD 
^Mean of the three recurrent parent check populations. 
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straw yields exceeding their recurrent parent mean increased with suc­
cessive backcross generations for each recurrent parent, except for 
the BC^  progeny of M31. In contrast, however, the mean percentage of 
transgressive segregates remained relatively constant over generations, 
varying only between 8.0 and 9.5%. There was a negative trend over 
successive generations in transgressive segregation percentage for M31 
progeny, which ranged from 16.9% in the BCq to 6.1% in the BC^, no con­
sistent trend for Glenn progeny, and a positive trend for Manker 
progeny, which ranged from 6.4% in the BC^ to 12.0% in the BC^. Regard­
less of the generation or recurrent parent, however, the percentage of 
lines exhibiting transgressive segregation for straw yield was usually 
more than double that of the check populations. 
Percentages of lines in the BC2, BC^, and BC^ with grain yields 
above the recurrent parent mean (ARP), one standard deviation above the 
recurrent parent mean (SAEP), and one LSD above the recurrent parent 
mean (LARP) (i.e., exhibiting transgressive segregation) are given in 
Table 38 for the nine _H. s?ontaneum parents. The percentage of trans­
gressive segregates for the H. spontaneum parents ranged from 1.7 to 
9.6%, with seven of the parents having higher percentages than the 
3.5% transgressive lines for the recurrent parent check populations. 
Only one parent, however, exceeded the check populations in percentage 
of lines above the recurrent parent mean and in percentage of lines 
one standard deviation above the recurrent parent mean. This resulted 
from the backcross populations having lower means and more elongated tails 
in their frequency distributions than those of the check populations. 
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Table 38. Percentages of lines in the BC2, BC3, and BC^ with grain 
yields above the recurrent parent mean, one standard devia­
tion (SD) above the recurrent parent mean, and one LSD_q5 
above the recurrent parent mean for each of the H. 
spontaneum parents 
H. spontaneum 
parent 
Above the 
recurrent 
One SD above 
the recur­
One LSD,05 above 
the recur­
parent rent parent rent parent 
^1 33.9 
/o 
16.2 5.0 
2^ 38.6 21.3 5.4 
S3 31.8 14.9 5.0 
S4 25.2 9.3 3.3 
S5 28.1 10.9 1.7 
S6 38.0 19.0 6.0 
s? 46.5 26.7 7.1 
S8 42.6 22.6 9.6 
S9 34.2 17.4 5.6 
Check 46.0 23.9 3.5 
^ean for the three recurrent parent check, populations. 
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The relatively high percentage of transgressive segregates obtained 
for the majority of the lî. spontaneum parents is evidence that genes 
for higher grain yield were obtained over a broad base of H. spontaneum 
germplasm. Further evidence of this is the diversity of H. spontaneum 
parentage represented in the highest yielding lines. For example, of the 
thirty highest lines for grain yield that had Manker as a recurrent 
parent, each H. spontaneum parent is included at least twice in their 
parentage (Table A26). Also, the two H. spontaneum parents which had 
the lowest percentages of transgressive lines, and S^, often had 
some of the highest yielding progeny. For example, the third and fifth 
highest lines in the experiment had as a parent (Table A26) and the 
second highest line among Glenn progeny had as a parent (Table A27). 
Thus, even though the H. spontaneum parents differed in their percentages 
of high yielding progeny, each was still a source of superior segregates. 
The two most important H. spontaneum parents for grain yield were 
and S„. Of the 90 superior segregates given in Tables A26 through 
A2S. A6 were oroeenv from S_ or S_. Twentv-six of these lines were 
- - / o 
progeny of Sg, which included the second highest yielding line in the 
experiment. The superiority of Sg was not evident until later genera­
tions, however, because the breeding value parameters (i.e., GCA, SBV, 
and SBV') for grain yield were small and often negative in the BC^  and 
BC^ (Table A29). 
2. Prediction indices 
Several indices were constructed to predict the three criteria 
(ARP, SARP, and LARP) used to measure the percentage of superior 
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segregates in the BC2, BC^ , and BC^ for each of the nine H. spontaneum 
lines (Table 38). Three independent generations were used for predic­
tion: the parent, BCq and BC^. In each generation, the four produc­
tivity traits, grain yield, biomass, straw yield, and growth rate 
index, were used in the prediction indices. In the parent generation, 
the prediction indices were based on trait means for each H. spontaneum 
line, whereas in the BC^ and BC^ generations, they were based on esti­
mates of GCA, SBV, and SBV' calculated for each H. spontaneum parent 
far each trait. 
In the parent generation, low to intermediate positive correlations 
were observed between the trait means and each ARP and S ARP, whereas 
low and usually negative correlations were observed between the trait 
means and LARP (Table 39). In all cases, correlations involving grain 
Table 39- Correlation of trait means, estimated for the nine H. spon­
taneum parents from their performance per se, with percent 
of progeny in the BC2, BC3, and BC4 having grain yields 
above the recurrent parent mean (ARP), one standard devia­
tion above the recurrent parent mean (SASP), and one LSD 05 
above the recurrent parent mean (LARP) 
Trait ARP SARP LARP 
Grain yield 0.51 0.57 0.19 
Biomass 0.27 0.31 -0.13 
Straw yield 0.20 0.23 -0.19 
Growth rate index 0.33 0.37 -0.07 
yield were positive and consistently higher than those of the 
other traits. No correlation, however, was statistically 
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significant. 
The correlations in the BC^ and BC^ between the breeding value 
parameters (i.e., GCA, SBV, and SBV') for the four traits and the three 
"success" criteria (i.e., APR, SARP, and LARP) are given in Table 40. 
In all cases, correlations were higher for the BCq than for the 
BC^. Correlations involving the BCq were intermediate to high in mag­
nitude and usually significant, whereas those for the BC^ were low to 
intermediate, and never significant. 
The three breeding value parameters usually had similar correlation 
values with the success criteria, although on average, the values were 
highest for SBV' and lowest for GCA. The mean values for correlations 
involving SBV*, SBV, and GCA, calculated over traits, generations, and 
success criteria, were 0.55, 0.49, and 0.48, respectively. This rank­
ing, however, was strongly influenced by the values in the BC^. For 
example, GCA had the lowest values in the BC^ and the lowest overall 
value; however, GCA had the highest mean value in the BCq. 
Of the four traits, growth rate index had the highest overall mean 
correlation with the three success criteria of 0.60, grain yield and 
biomass had similar values of 0.51 and 0.52, respectively, and straw 
yield had the lowest value of 0.42. The rankings of the mean values 
for the traits, however, were consistent for correlations with ARP and 
SARP, but shifted for correlations with LARP, Grain yield had the second 
highest mean correlation with ARP and SARP but the lowest with LARP. 
Thus, grain yield was the poorest of the four traits for predicting 
transgressive segregation. 
Table 40. Correlations of productivity parameters, estimated for the nine j|. spontaneum parents from 
BCg and BC^ progeny, with percent of progeny In the BCg, DCj, and having grain yields 
above the recurrent parent mean (ARP), one standard deviation above the recurrent parent 
mean (SARP), and one LSD Q5 above the recurrent parent mean (LARP) 
BCo Ml Mean over generations 
Mean 
ARP SARP LARP ARP SARP LARP ARP SARP LARP 
GCA 
grain yield 0.70* 0.73* 0.56 0.44 0.41 0.16 0.57* 0.57* 0.36 0.50* 
blomass 0.80** 0.78* 0.68* 0.28 0.24 0.09 0.54* 0.51* 0.39 0.48 
straw yield 0.75* 0.71* 0.65 0.14 0.09 0.03 0.45 0.40 0.34 0.40 
growth rate Index, 0.84** 0.82** 0.71* 0.37 0.32 0,14 0,61* 0.57* 0.43 0.54* 
SBV 
grain yield 0.63 0.69* 0,48 0.57 0.53 0,29 0,60* 0.61* 0.39 0.53* 
blomass 0.74* 0.73* 0.68* 0.41 0.36 0.28 0,58* 0.58* 0.48 0.55* 
straw yield 0.50 0.46 0.52 0.16 0.09 0.14 0,33 0.28 0.33 0.31 
growth rate Index 0. 73* 0.7:* 0.69* 0.47 0.41 0.29 0.60* 0.57* 0.4% 0.55* 
SBV' 
grain yield 0.59 0.64 0.50 0.55 0.52 0.23 0.57* 0.58* 0.34 0.51* 
blomass 0.82** 0.80** 0.78* 0.34 0.30 0.16 0.58* 0.55* 0.47 0.53* 
straw yield 0.70* 0.68* 0.78* 0.43 0.41 0.30 0.57* 0.55* 0.54* 0.53* 
Mean over traits 
CCA 0.77* 0.76* 0.65 0.31 0.27 0.11 0.54* 0.51* 0.38 0.48 
SBV 0.65 0.65 0.59 0.40 0.35 0.25 0.53* 0.51* 0.42 0.49 
SBV'a 0.73* 0.73* 0.71* 0.46 0.43 0.25 0.59* 0.58* 0.48 0.55* 
Mean over parameters 
grain yield 0.64 0.69* 0.51 0.52 0.49 0.23 0.58* 0.59* 0.37 0,51* 
blomass 0.79* 0.77* 0.71* 0,34 0.30 0.18 0.57* 0.55* 0.45 0,52* 
straw yield 0.65 0.62 0.65 0.24 0.20 0.16 0.45 0.41 0.40 0,42 
growth rate Index'' 0.79* 0.80** 0.79** 0.52 0.44 0.27 0.65** 0.62** 0.53* 0,60* 
Mean 0.72* 0.71* 0.65 0,39 0.35 0.20 0.55* 0.53* 0.43 
^Adjusted for growth rate Index. 
^Adjusted for SBV'. 
*,^^Significant at the 5% and 1% levels of probability, respectively. 
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In each generation, the mean correlation values for each breeding 
value parameter were highest with ARP, lowest with LARP, and intermedi­
ate with SARP. Overall mean correlation values for ARP, SARP, and 
LARP were 0.55, 0.53, and 0.43, respectively. To some extent, this is 
expected because ARP, SARP, and LARP are composed of successively 
smaller sample sizes and represent progressively greater extremes of 
the progeny distribution. Hence, their respective estimates are 
progressively less robust and contain increasing levels of error. 
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VI. DISCUSSION 
A. Inheritance of Agronomie Traits 
1. Generation means 
It is a common belief among plant geneticists that the genetic sys­
tems of higher plants are finely tuned and easily disrupted by the addi­
tion of foreign germplasm. Support for this belief comes from the fre­
quent occurrence of "hybrid breakdown" among progeny from wide crosses 
(Stebbins, 1958; Spiess, 1977). In general, the severity of hybrid 
breakdown is proportional to the breadth of the cross and can range from 
lethality to only a slight depression in vigor. Usually, it is assumed 
that the breakdown results from the disruption of coadapted gene com­
plexes (i.e., negative epistasis), because a loss of vigor is not ob­
served in the but rather in generations following recombination. 
Although hybrid breakdown is most conspicuous in intergeneric and 
interspecific matings, it can probably explain certain cases of depressed 
vigor in intraspecific matings. In matings between inbred lines of N. 
American maize, several studies have shown the mean grain yield of the 
to be less than the mean of the reciprocal backcrosses (Lindstrom, 
1939; Stringfield, 1950; Sentz et al., 1954). Because the and the 
backcross generations have the saae level of heterozygosity, a probable 
cause for the lower F^  mean is negative epistasis. With backcrossing, 
however, the inter-allelic balance of the parental genomes is partially 
restored. Similar results were obtained by Williams (1969) in adapted 
X exotic matings of oat cultivars. He found that the F^ population 
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means for grain yield, straw yield, and height were typically below 
their midparent values, but when their F^s were "backcrossed" to other 
adapted lines, the population means were at or above their expected 
values. Murphy (1981) also found evidence of negative epistasis in 
oats for grain yield, straw yield, and growth rate in both inter­
specific (A. sativa x A. sterilis) and intraspecific (A. sativa) popu­
lations. Usually, however, he found that the deviations below expected 
value were much larger for the interspecific populations. 
Autogamous diploid species, such as barley, are considered the 
least likely to tolerate genes from other species because they lack 
the genetic buffering conferred by polyploidy and heterozygosity 
(Harlan, 1975; Stalker, 1980). In barley, however, actual evidence of 
its capacity to tolerate foreign germplasm is limited, because most of 
the wide crossing has been restricted to single gene transfers between 
subspecies or ecotypes. Probably the w'.dest matings reported in 
barley, in which grain yield was evaluated, were those studied by 
Harlan et al. (1940) involving highly divergent two-row and six-row 
varieties. They found that the grain yields of two-row x six-row 
matings were inferior to those of matings within either the two-row or 
six-row group. Because the two-row x six-row matings tended to be 
genetically more divergent, their lower yields probably resulted from 
the disruption of coadapted gene combinations, i.e., negative epi­
stasis. Further evidence of this was the appearance of a large number 
of morphologically peculiar and degenerate segregates among the progeny 
(Martini and Harlan, 1942). 
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Negative epistasis was evident in my study for grain yield but not 
for biomass or straw yield. In the BC^, the mean deviation from the 
midparent value was -11.5% for grain yield, whereas for biomass and 
straw yield it was 3.8% and 8.6%, respectively (Table A30). Thus, there 
seemed to be a disruption of favorable gene interactions for grain yield 
even though total plant productivity was enhanced. 
The relative importance of epistasis for grain yield, biomass, and 
straw yield, however, was small. On the basis of generation means, the 
gene action for these traits was almost entirely additive. The per­
centage of the generations sums of squares explained by linear regres­
sion on percentage of H. vulgare germplasm was 99.6% for grain yield, 
99.8% for biomass, and 97.4% for straw yield, along with 98.9% and 98.5% 
for their related secondary traits, growth rate indey and harvest index, 
respectively (Table 22). Thus on a generation mean basis, non-additive 
types of gene action accounted for less than 3% of the total variation 
for each of the productivity-related traits. 
In a similar study by Lawrence (1974) in oats, which involved the 
introgression of A. sterilis germplasm into A. sativa, he fit a three 
parameter gene action model based on additive, dominance, and epistatic 
components to the genetic variances from six different backcross 
generations. He found that a model based on additive gene action alone 
explained 75% and 85% cf the genetic variances for grain and straw yield, 
respectively, whereas a two parameter model based on additive and epi­
static types of gene action explained 85% and 90%, respectively. He con­
cluded that dominance was of little importance because adding the 
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dominance component to the two-parameter model gave no improvement in 
goodness of fit. Lawrence used a novel method of fitting genetic 
parameters based on genetic variances from different backcross genera­
tions. A similar but more complicated method has been proposed by 
Hill (1966). 
T chose not to investigate gene action using either Lawrence's or 
Hill's method for two reasons, both of which would invalidate their 
models : (1) I suspected a high correlation between genetic variances 
and means, and (2) because the expected genetic variance in a backcross 
generation is related to the number of BC.F^ families recombined, which 
in my experiment varied (Table A2). Both of these factors affect the 
magnitude of the genetic variances, and as a result, introduce bias into 
the estimates of the genetic parameters. 
In previous barley studies, the relative importance of additive 
versus non-additive types of gene action for grain and straw yield has 
been largely unresolved. Most of the gene action studies have been 
based on single plant data, and unfortunately, the results of these 
studies have been inconsistent and frequently implausible. In the few 
studies where gene action has been investigated using normal stand 
densities, additive gene action for grain yield has usually been more 
important than non-additive. Grafius et al. (1952), using a Design II 
mating scheme, found the CCA (i.e., additive) variance component in the 
Fg to be 4X larger than the SCA (i.e., non-additive) component, although 
the SCA component was more than 2X as large in the F^ . Finlay (1964) 
evaluated a 10-parent diallel in the F^ for three years and found the 
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GCA mean square to be significant at the 0.5% level in every year, 
whereas the SCA mean square was significant in only one year. Smith 
and Lambert (1968) also used a IG-parent diallel and found the GCA 
mean squares to be more than 3X as large as the SCA mean squares in 
both the and F^ . Vega and Frey (1982), however, investigated both 
interspecific (H. vulgare x H. spontaneum) and intraspecific (lî. vulgare) 
matings using generations means analysis (GMA) and found that both 
additive and non-additive effects were nonsignificant. 
Non-additive gene action was relatively important in my study for 
height and heading date. The linear regression of each of these traits 
on percentage of H. vulgare germplasm, which measures additive gene 
action, explained about 70% of the sums of squares for generations, 
whereas quadratic polynomial regression, which measures both additive 
and non-additive types of gene action, explained over 96% (Table 22). 
Epistasis was evident for both traits because each showed a marked 
curvilinear response between the BCQ and H. vulgare generations (Fig. 3); 
if the non-additive gene action was entirely due to dominance, the 
response between these two generations would have been linear. By 
expectation, the magnitude of dominance and dominance types of epistasis 
should have been low because the progeny were evaluated after several 
generations of selfing. Therefore, additive x additive epistasis was 
probably important for height and heading date. 
Few studies in barley have partitioned non-additive genetic ef­
fects for height and heading date into dominance and epistatic com­
ponents. Fasoulas and Allard (1962) reported that epistasis accounted 
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for 9% of the genetic variance for height and 52% for heading date, 
whereas dominance accounted for only 2% and 5%, respectively. Barham 
and Rasmusson (1981) crossed Hanker onto four photoperiod sensitive 
genotypes and found non-additive gene action to be relatively unimportant 
except for dominance in one population and additive x additive epistatic 
effects in another. Vega and Frey (1982) found both dominance and epi­
static effects to be significant for both heading date and height, but 
their results were inconsistent across matings. They did find, however, 
that eleven of their twelve matings had heterosis for early heading 
date and tall plant height, which was consistent with my results, at 
least in the direction of expression of the non-additive effects for 
the two traits. However, I found that some of the earliest lines were 
short and poorly developed, particularly in the BC^. 
2. Genetic variability 
a. population size and gene action For most traits, the 
decrease in genetic variance over backcross generations was curvilinear 
and closely approximated a quadratic polynomial (Table 31). Usually, 
the linear component was also substantial, particularly for heading 
date, straw yield, and height, the three traits which did not involve 
grain yield in their estimation. Grain yield differed sharply 
with the other traits, having only 2% of its decrease in genetic vari­
ance explained by linear regression. Theoretically, with an additive-
dominance model, the decrease in genetic variance from backcrossing is 
linear to curvilinear, with the degree and direction of curvature 
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depending on the number of plants recombined, the distribution of 
dominant alleles between the two parents, and the level of dominance. 
If a single plant is recombined and selfed in each backcross genera­
tion, the expected decrease is linear, regardless of the average level 
of dominance. In such a case, the number of segregating loci would be 
expected to decrease by 50% after each backcross, but the frequency of 
each segregating allele should always be 0.5. However, if "many" lines 
of descent were established in the BC^F^ (i.e., the first segregating 
generation), and maintained in subsequent backcross generations, then 
all loci heterozygous in the BC^F^ would segregate in each backcross 
generation and the frequency of H. spontaneum alleles would decrease 
by 50% after each backcross. In this case, the decrease in genetic 
variance is curvilinear with the curvature being at a maximum when the 
dominant alleles originate exclusively in the H. spontaneum parent and 
at a minimum when they originate exclusively in the lî. vulgare parent; 
with no dominance, the degree of curvature is intermediate between the 
two. Figure 9 shows the decrease in genetic variance for both the 
single F^  case and the "many" (or infinite) F^ case, assuming gene 
action to be completely additive. Figure 10 shows the decrease for the 
"many" F^  case where dominant alleles originate exclusively in either 
the H. spontaneum or H. vulgare parent in contrast with completely 
additive gene action. The theoretical additive and dominance genetic 
variances among Fgi-derived lines in the F^  for the two cases are as 
follows : 
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Infinite no. Fl's recombined per generation 
One F1 recombined per generation 
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Figure 9. Theoretical decrease in genetic variance over backcross genera­
tions assuming completely additive gene action, where one 
or an infinite number of F^s are recombined and selfed in 
each generation 
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Figure 10. Theoretical decrease in genetic variance over backcross 
generations when an infinite number of plants are recom-
bined and selfed in each generation for the cases of: 
complete dominance, where all of the dominant alleles are 
distributed in either the H. spontaneum or II. vulgare 
parents, and completely additive gene action 
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(i) if a single plant in each backcross generation, then: 
0^  = (-^ ) and 
A 2*^  
= (^ ) a2u2/8 ; 
(ii) if "many" BC^ F^ -derived F^  plants in each backcross generation. 
where: N = the total number of heterozygous loci in the BCqF^ ; 
k = the generation number, where BCq=1, BC^=2, etc.; 
a,u = Cornstock and Robinson's (1948) notation for the level of 
dominance and the genotypic value of the dominant (or plus) 
allele, respectively ; and 
v,s = subscripts referring co ti. vulgare and H. spontaneum, 
respectively. 
For all traits except grain yield, the pattern of decrease in 
genetic variance over backcross generations conformed to an additive-
dominance model. This was particularly true for height and heading 
date, even though these traits showed evidence of epistasis based on 
their generation means. The effect of epistasis on the pattern of 
variance decrease depends on tne type and degree, but the decrease for 
simple types tends to be slightly curvilinear; e.g., the coefficient of 
then: 
•2 2(2^-1) 
°A 4k {N u^^2[i + - 1)]^  + NgUg2[l + -yd --^ )]^ } and 
Ill 
k k 2 the additive x additive interaction sum of squares, 4[(2 -l)/4 ] , de­
creases over backcross generations at the same rate as the coefficient 
of the dominance sum of squares. Thus, with simple types of epistasis 
the pattern of decrease in total genetic variance will be similar to 
that of the additive-dominance model. With more complex types of 
epistasis, however, such as multiplicative epistasis (Strobeck, 1973) 
or coadaptation (Spiess, 1977), the change in genetic variance with 
backcrossing may be less predictable. 
Thus far, the effect of simple types of gene action on the change 
in genetic variance with backcrossing has been explored. However, no 
plausible model has been presented that explains why the genetic vari­
ance for grain yield increased in the first two backcross generations 
(Table 24, Figs. 5 and 8). Genetic variance increased in the BC^  for 
the additive-dominance model with all of the dominant alleles originat­
ing in H. spontaneum (Fig. 10); however, such a model is unacceptable 
because of the clear superiority in grain yield demonstrated by the 
H. yglgare parents (Table 14, Figs. 1 and 4). Yet, several other 
factors may affect the genetic variance which have not yet been con­
sidered. Among these are linkage and the mean level of expression of 
the trait by the population. 
b. Linkage The effect of linkage on genetic variance is readily 
apparent when genetic variance is broadly defined as the variance of 
the sum of genotypic values at each locus (Falconer, 1981); i.e., 
Var(G^ + G2 + ... + G^), where G^ is the coded genotypic value at locus 
i and n is the number of segregating loci. The genetic variance of the 
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population can then be represented by the following genetic variance-
covariance matrix: 
With linkage equilibrium, the off-diagonal elements are zero and the 
total genetic variance is the sum of the genetic variances on the 
diagonal. However, if alleles with positive genotypic values were 
linked, i.e., in coupling phase linkage, then the covariances between 
the genotypic values would be positive and the total genetic variance 
for the loci would exceed the sum of their intra-locus genetic variances. 
As a result, the genetic variance for the loci would be biased upward. 
Conversely, if alleles with contrasting positive and negative genotypic 
values were linked, i.e., in repulsion phase, their genotypic covari­
ances would be negative and the total genetic variance for the set of 
loci would be less than the sum of their intra-locus genetic variances. 
In this event, the genetic variance for the loci would be biased down­
ward. In most populations, however, both coupling and repulsion phase 
linkages will occur; and as a result, the direction and extent of bias 
in the genetic variance is determined by the relative frequency and 
GlGn 
a 
G2 
magnitude of their associated covariances. 
The H. vulgare parents had a preponderance of "plus" alleles for 
grain yield, harvest index, biomass, and straw yield. This is evident 
from the substantial differences in means between the two species 
(Table 14; Figs. 1-4). It is highly probable, therefore, that the 
majority of alleles controlling the genetic variability for these 
traits were distributed (i.e., initially) in coupling phase linkages. 
With backcrossing, however, the importance of coupling phase linkages 
on genetic variability decreases as recombination forces the mixing of 
positive and negative alleles. As a consequence, upward bias in the 
genetic variance is at a maximum in the BCQ and decreases after each 
successive backcross, resulting in a steeper decrease in genetic vari­
ance than would be expected with linkage equilibrium. With repulsion 
linkages, in contrast, there would be a slower decrease in genetic 
variance or possibly even an increase. The presence of only a few 
"major-effect" alleles in repulsion linkages could potentially increase 
the genetic variance, even if the population had predominantly coupling 
linkages. Such a condition could account for the increase in genetic 
variance for grain ield in the BC^  and BCg. Yet, for this explanation 
to be tenable, it would require that the deleterious alleles linked to 
the "major effect" alleles were deleterious only for grain yield, be­
cause the pattern of decrease ia the genetic variance for straw yield 
(the other primary productivity trait) was in agreement with a simple 
gene action model with coupling linkage. 
In a similar study with interspecific populations of oats, Lawrence 
114 
(1974) also found Increases in genetic variance in the BC^ and BC2 for 
grain yield, and also for straw yield, and height. He suggested that 
the increase could be accounted for by a sizable break-up of repulsion 
phase linkages. 
c. Correlation between genetic variances and means Numerous 
studies have dar-onstrated that genetic variance for grain yield in­
creases with the mean grain yield of the environment (Allen et al., 
1978; Frey, 1964; Gotoh and Osani, 1959; Johnson and Frey, 1967; 
Mederski and Jeffers, 1973). I found that an increase in mean grain 
yield of slightly more than two-fold between the AFRC and the mean of 
the Hinds and Kanawha locations was accompanied by a near six-fold 
increase in genetic variance (Fig. 11). 
Whether genetic variances increase solely in response to the level 
of environment or whether the increase is correlated with mear, yield, 
per se, has not been established. In my study, I found that between the 
BCq and BC^ the mean grain yield increased by 48%, whereas the genetic 
variance increased by 34%. Theoretically; the decrease in donor allele 
frequency should cause the genetic variance to decrease by about 25% 
(Fig. 9). However, if a positive intrinsic relationship between genetic 
variances and means does exist, then backcrossing to the superior parent 
should inflate the genetic variance above the expected value. Yet, 
whether the degree of inflation is sufficient to cause a net increase in 
genetic variance is difficult to determine. 
No single factor seems to account for the unexpected changes in 
genetic variance for grain yield as well as a correlation between 
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Figure 11. Plot of genetic variances and means for grain yield over 
the three locations 
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genetic variances and means. Yet, other factors were probably involved. 
For example, the increase in mean grain yield between the and BC^  
of 16% was accompanied by an increase in genetic variance of 2%, 
whereas a similar increase in mean straw yield of 16% between the BCq 
and BC  ^was accompanied by a 17% decrease in genetic variance. In 
contrast with grain yield, the decrease in genetic variance for straw 
yield conformed to a single gene action model having a slightly inflated 
genetic variance. 
B. Selection of Superior Progeny 
1. Physiological considerations 
Compared with their H. vulgare parents, the progeny with superior 
grain yields also had superior values for straw yield and growth rate 
index, but similar values for height, heading date, and harvest index 
(Table 36). Increases in plant vigor of this type, i.e., where height 
and harvest index are held relatively constant, can be attributed to 
either higher tillering and/or greater spike yield coupled with increased 
culm density. On the basis of similar studies in oats involving the 
introgression of A. sterilis into A. sativa, both mechanisms appear 
possible. Brinkman and Frey (1977) found that higher grain yields were 
consistently associated with higher tillering levels, whereas Helsel 
and Frey (1978), studying a genetically distinct set of lines, found 
that higher grain yields were associated with higher panicle yields and 
lower tillering levels. 
Whether the particular mechanism of yield increase in my experiment 
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was determined by the physiology of the recurrent parert or by a 
directed effect of donor alleles is not known. Probably, most of the 
favorable donor alleles acted to enhance general plant vigor, whereas 
the specific mechanism for higher yield was largely determined by the 
physiological plasticity of the recurrent parent. Unfortunately, how­
ever, this was not investigated because of the limited number of traits 
measured. Yet, because of the factorial mating structure in my experi­
ment, it may be possible to determine in a physiological study whether 
the favorable alleles from each of the H. spontaneum parents contributed 
to higher yield via the effect of "specific attributes" or by increasing 
general plant vigor. Alleles of the former type would be those which 
express an identifiable physiological attribute that is characteristic 
of a particular H. spontaneum parent. Such alleles would be particu­
larly advantageous in a breeding program if their effects were large 
and could be efficiently screened. Ideally, parents could be selected 
on the basis of the attribute prior to progeny evaluation. 
The most obvious attribute difference between H. vulgare and _H. 
spontaneum (other than seed shattering which was eliminated prior to 
progeny testing) was 6-row and 2-row head types. The 6-row head type 
of the H. vulgare parents was clearly advantageous. Comparing the two 
head types with differences between generation-' and parental combina­
tions held constant, the 2-row lines were 8% taller and had 28% lower 
grain yields. More striking, however, was that there were no 2-row 
lines that were transgressive for high grain yield. Similar results 
were obtained in a study by Hockett and Stanridge (1976) where they 
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found that isogenic 2-row lines were 14% taller and 13% lower yielding 
than their corresponding 6-row lines, based on data from 32 environ­
ments in the Western USA. 
2. Selection of parents 
All nine of the H. spontaneum lines carried favorable alleles for 
grain yield (Table 38). Although the grain yields of the H. spontaneum 
lines were extremely low, with a species mean of only 12% of the H. 
vulgare mean (Fig. 4), their relative differences were usually moderate 
to good predictors of progeny performance. For example, the grain 
yields of the H. spontaneum lines had a significant correlation of 0.69 
with their corresponding GCA estimates (Table 17) and correlations of 
0.51 and 0.57 with their percentages of progeny yielding above (i.e., 
ARP) and one standard deviation above (i.e., SARP) their recurrent 
parent means, respectively (Table 39). My results were consistent with 
those of Marani (1967) working with interspecific matings of cotton 
and Kramer and Ullstrup (1959) who investigated the combining ability 
of exotic maize. Both studies found that the greatest increases in 
yield generally involved the exotic lines with the highest yields, per se. 
However, H. spontaneum line performance, per se, as a predictor 
of progeny potential, should be used with caution. For example, 
the line S„ had the lowest grain yield, straw yield, and growth rate 
o 
index, yet it exceeded all other lines in percentage of transgres-
sive segregates among its progeny (Table 38). Given the numerous 
vagaries of working with wild germplasm discrepancies of this sort will 
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likely be common. Not only is the germplasm imadapted to cultivation, 
but also to the photo-temperature regime. Crossing the lines onto 
adapted cultivars and evaluating performance inter se should both 
increase precision and facilitate testing. I found that the correla­
tions between the BCq progeny means and the percentages of lines yield­
ing above the recurrent parent means were almost 50% higher than the 
correlations based on the parents, per se. Also, because non-shattering 
progeny can be evaluated, the number of plots can be increased substan­
tially . 
A desirable recurrent parent in a backcrossing program is one which 
has acceptable levels of all agronomic traits, a high frequency of 
superior segregates among its progeny, and high economic yield. The 
agronomic type of the recurrent parent is particularly important when 
crossing to wild or weedy sources of germplasm where the agronomic type 
is particularly poor and the number of contrasting alleles is high. 
Lawrence (1974) found in his introgression study with oats that the 
segregation of undesirable traits lowered the frequency of acceptable 
high yielding progeny. 
I found that nearly all of the progeny that were transgressive for 
high grain yield had the same elite agronomic type of their recurrent 
parents (the only notable exception being the frequent occurrence of 
lines with intermediate height among the higher yielding progeny of 
the semidwarf parent, M31). Seemingly, this indicated that higher yields 
could only be attained when the base phenotype of the H. vulgare parent 
was maintained, whereas in oats a greater range of phenotypic expression 
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could be tolerated without a loss of vigor. 
There was no indication of a relationship between level of recur­
rent parent yield and percentage of transgressive segregates. Thus, 
the highest yielding H. vulgare line, Manker, usually had the highest 
yielding progeny. Theoretically, with completely additive gene action, 
there would be no advantage to using a low yielding line as a recurrent 
parent, as the variance among GCA values of the donor lines should be 
independent of the recurrent parent mean. The use of more than one 
recurrent parent to evaluate H. spontaneum lines may be.unnecessary ; 
I found no significant variation for specific combining ability for 
grain yield even though two of the recurrent parents represent pheno-
typic extremes within the North American spring barley gene pool 
(M31 for short stature and Manker for high kernel number per spike). 
The advantage of using only one recurrent parent is that a maximum 
number of H. spontaneum lines can be evaluated. 
3. Optimum backcross generation for recombination 
and selection 
The percentage of transgressive segregates for grain yield in­
creased with each backcross generation with successive estimates be­
tween the BCq and BC^  of 0.0, 1.2, 3.7, 6.3, and 9.1%, compared to 
3.5% for the recurrent parent checks. Lawrence (1974) obtained similar 
results in his introgression study with oats after culling for accept­
able agronomic type (i.e., early heading date, short plant height and 
cultivated seed type). The lines in the upper 3% for grain yield in his 
study were distributed between the BC^  and BC^  in the following 
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percentages (adapted from his Table 19): 0.0, 2.3, 4.1, 3.0, 8.1, and 
2.6%, respectively; in comparison, 2.5% of the recurrent parent checks 
were in this yield range. In both his study with oats and mine with 
barley, the percentage of superior segregates was highest in the BC^  
and it exceeded the percentage of high recurrent parent check lines by 
the BCg. Thus, both studies showed that on the basis of empirical 
evidence, the percentage of superior segregates is greatest between the 
BC^  and BC^ . My study, however, did not include a BC^  generation, and 
thus it is not known whether the percentage of transgressive segregates 
would have increased. Probably there would have been a decrease, 
because the extrapolated decline in genetic variance is relatively sub­
stantial between the BC^  and BC^  (Figs. 5 and 8), whereas the projected 
increase in the generation mean is relatively slight (Figs. 1 and 4). 
Lawrence (1974) developed a prediction method to identify the opti­
mum backcross generation for selecting superior segregates. Using the 
formula of Castle-Wright (Mather and Jinks, 1971), he estimated the 
number of effective factor pairs in each backcross generation. He then 
extended the formula to estimate the number of segregating plus factors 
from each parent. Subsequently, these estimates were used to calculate 
the binomial probability of obtaining a segregate which exceeded the 
recurrent parent by two or more plus factors. With this method, he 
found that the probability of a superior segregate was highest between 
the BC2 and BC^ , with the probability usually at a maximum in the BC^ . 
Although the actual frequency of superior segregates in his experiment 
never reached a maximum in the BC^ , his theoretical and empirical 
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findings did agree that the BC2 through BC^  was the optimum generation 
interval for selecting superior lines. A weakness of his prediction 
method, however, is that it relies heavily on the Castle-Wright formula, 
the validity of which has been questioned because of numerous simplify­
ing assumptions (Kempthome, 1977). 
Baker (1976) and Bailey (1977) have also investigated the proba­
bility of obtaining superior segregates in a random backcrossing pro­
gram. Both found that after several generations of backcrossing, the 
probability of improving an elite line with alleles from a substantially 
inferior donor is relatively high. Bailey (1977) found that the opti­
mum number of backcrosses for obtaining lines superior to the recurrent 
parent •''aried between one and four, with the optimum number increasing 
as the number of segregating loci increased. He concluded, however, 
that the superior segregates would be fixed at no more than three loci 
for favorable donor alleles. Reddy and Cornstock (1976) obtained similar 
results in a computer simulation analysis of several backcross selec­
tion schemes. They found that even when selection was practiced prior 
to making certain backcrosses, no more than five favorable donor 
alleles could be transferred to a line after five backcrosses. 
By expectation, a greater number of favorable donor alleles will be 
fixed in lines from early backcross generations compared with those from 
later backcross generations. Thus, the most effective cyclic selection 
scheme would be one where superior lines from early backcross genera­
tions are recombined. This would both maximize the frequency of favor­
able donor alleles and also enhance the possibility of preserving or 
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resynthesizing favorable epistatic complexes in the donor population. 
Probably, when superior early generation lines can be identified with 
acceptable agronomic type (as was found with the H. vulgare x H. spon­
tané urn populations), there would be little advantage to having several 
cycles of recombination prior to selection, as was practiced by 
Schoener and Fehr (1979). Extensive recombination prior to selection 
would be costly and of dubious benefit unless repulsion linkages pre­
vented the segregation of superior lines. 
When variety"selection is the primary objective, then the optimum 
backcross generation is the one where superior lines can be extracted 
at a minimum cost. If backcrossing is a minimal cost component, then 
the optimum generation for selection would be the one with the highest 
percentage of superior segregates. In my study, this was the BC^ . How­
ever, if the cost of backcrossing exceeds that of testing, then a greater 
number of lines can be evaluated, thereby increasing the probability 
of obtaining a superior segregate in an earlier backcross generation. 
If the relative costs of backcrossing and testing are similar, selection 
in a later backcross generation would be preferable. In a crop like 
barley where there are numerous malting quality traits (Peterson and 
Foster, 1973), it would be critical to maintain trait levels very near 
that of the recurrent parent. A line derived from a late backcross 
generation would have the highest probability of meeting this require­
ment. 
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VII. SUMMARY AND CONCLUSIONS 
Nine H. spontaneum lines of Middle Eastern origin were mated in an 
incomplete factorial with three elite N. American lines of H. vulfeare 
and their F^ s were then backcrossed to their respective H. vulgare 
parents for up to four backcross generations. In each of the five 
progeny generations (BCq through BC^ ), approximately thirty f^ -derived 
lines from each mating were evaluated at three locations in Iowa during 
1981. The major conclusions reached in my study are as follows: 
(1) Gene action, on the basis of generation means, was almost com­
pletely additive for grain yield, biomass, straw yield, harvest 
index, and growth rate index, whereas both additive and epistatic 
types of gene action were important for height and heading date. 
(2) The decrease in genetic variance over backcross generations for 
all traits but grain yield was consistent with models having 
simple types of gene action and predominantly coupling linkage. 
For grain yield, however, the genetic variance increased in the 
first two backcross generations indicating either a strong posi­
tive relationship between genetic variances and means and/or a 
disruption of a few repulsion phase linkages involving alleles 
with large effects. 
(3) The percentage of transgressive segregates for grain yield in­
creased with each backcross generation, ranging from 0.0% in the 
BCq to 9.1% in the BC^ . In comparison, populations of about thirty 
lines of each recurrent parent had a mean of 3.5%. 
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(4) All nine ot the H. spontaneum lines appeared to be sources of 
favorable alleles for grain yield. For example, among the top fif­
teen lines in the experiment, each of the nine H. spontaneum lines 
was represented as a parent at least once. Nevertheless, sub­
stantial differences in the parental values of the H, spontaneum 
lines were evident; the percentage of transgressive segregates 
among the BCg, BC^ , and BC^  progeny of the nine lines ranged from 
1.7 to 9.6%, with two lines having less than the 3.5% of the re­
current parent populations. 
(5) The performances of the H. spontaneum lines, per se, were generally 
good predictors of progeny performance. The mean grain yields of 
the lines, per se, had a correlation of 0.7 with their means, 
inter se (calculated over all progeny generations), and a correla­
tion of 0.5 with their mean percentage of progeny in the BC2 
through BC^  yielding above the recurrent parent mean (ARP). However, 
predictive criteria based on performance, inter se, us'jally gave 
higher precision; the correlation between GCA estimates for grain 
yield in the BC^  with ARP was 0.7. 
(6) The increases in grain yield were obtained at no apparent cost in 
agronomic type. Compared with their lî. vulgare parents, the 
superior segregates were clearly more vigorous having higher grain 
and straw yields: however, they had similar values for height, 
heading date, and harvest index, and essentially the same seed 
characteristics. As a result, the population of superior segre­
gates identified in this study may be of both immediate and long 
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term value to plant breeders. In the short term, several of the 
superior segregates in the population could meet the criteria 
for varietal acceptance and be of direct benefit. In the long 
term, the value of the population may be even greater because of 
its unique parental value, as numerous favorable alleles from out­
side the North American gene pool have been incorporated into elite 
genetic backgrounds. 
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Table Al. Number of backcross generati 
parental combination 
ons& represented for each 
H. spontaneum 
line 
H. vulsare line 
Vl V2 V3 
Si 5 5 0 
2^ 5 5 4 
S3 4 0 0 
S4 2 5 5 
S5 5 5 3 
S6 5 4 0 
S7 5 5 4 
S8 5 5 5 
S9 5 0 0 
B^Cq included. 
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Table A2. Number of BCiFi families represented in backcross genera­
tions of each parental combination 
Parental Backcross generation 
combination 
BC^  BC2 BC^  BC^  
Manker x S]_ 4 
S2 5 
4 
54 11 
55 5 
Sg 13 
S7 6 
Sg 5 
Sg 5 
M31 X Si_ 5 
S2 6 
54 6 
55 6 
Sg 6 
S7 21 
Sg 4 
Glenn k S 2 6 
84 1-2 
S5 5 
S7 8 
Sg Ô 
4 3 1 
4 4 3 
4 4 1 
0 0 0 
4 4 1 
5 4 3 
5 4 3 
4 4 2 
4 3 1 
5 4 4 
4 4 2 
6 4 1 
5 3 2 
4 2 0 
6 5 2 
2 2 1 
2 2 0 
4 3 1 
4 0 0 
4 4 0 
4 4 2 
Table A3. The number of Fg-derived evaluated in each population 
Backcross generation 
BCQ BC"|^  BC2 BC ^ BCj^  
Parent — ——— — 
Vi Vg V3 V2 V3 V2 V3 Vi V2 V3 Vi V2 V3 
Si 30 30 0 30 30 30 30 0 30 30 0 30 30 0 
S2 12 7 30 30 30 30 30 30 30 30 30 30 30 30 0 
S3 29 0 0 30 0 0 30 0 0 30 0 0 0 0 0 
S4 30 30 5 27 30 30 0 30 30 0 30 30 0 30 30 
S5 30 28 30 30 30 30 30 30 30 30 30 0 23 30 0 
S6 30 17 0 30 30 0 30 30 0 30 30 0 30 0 0 
S7 30 30 30 30 30 30 30 30 30 30 30 30 30 30 0 
S8 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
S9 11 0 0 30 0 0 30 0 0 30 0 0 29 0 0 
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Table A4. Number of F2-derived lines evaluated in backcross 
generations of each parental combination along with the 
total for each parent and backcross generation 
Parent Backcross generation Total 
BCq BC^  BC^  BC^  BC^  
60 60 60 60 60 300 
Sg 49 90 90 90 60 379 
S_ 29 30 30 30 — 119 
S, 65 87 60 60 60 332 
S_ 81 90 90 60 60 381 
Sg 47 60 60 60 30 257 
Sj 90 90 90 90 60 420 
Sg 90 • 90 90 90 90 450 
Sg _ l l  _ J 0  _30 _30 _ 2 9  130 
Total 522 627 600 570 449 2768 
232 267 240 240 209 1188 
V2 j./Z J^.u ZJ.U x^u xou roz. 
V3 m 150 1^  120 _60 598 
Total 522 627 600 570 449 2768 
141 
Table A5. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for grain 
yield of backcross generations where Manker is the recur­
rent parent 
Class 
interval BCO BC^  BC2 BC3 BC4 Manker 
—q/ha- % 
5- 9 12.5 0.4 
9-13 26.3 2.6 0.4 
13-17 32.8 13.5 5.4 0.4 0.5 
17-21 20.7 . 30.0 15.4 8.3 6.2 
21-25 5.6 27.3 23.8 24.2 14.8 16.7 
25-29 2.2 15.7 28.3 30.8 25.4 30.0 
29-33 7.5 17.5 25.4 32.1 40.0 
33-37 2.2 7.1 7.9 17.7 13.3 
>37 0.7 2.1 2.9 3 . 3  
Skewness 0.32* 0.39** 0.06 0.18 -0.25 -0.13 
Kurtosis -0.19 0.22 -0.32 -0.26 -0.38 -0.77 
N 232 267 240 240 209 30 
Values at interval boundaries are included in the lower 
interval. 
",**Significant at the 5% and 1% levels of probability, respec­
tively . 
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Table A6. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for grain 
yield of backcross generations where M31 is the recurrent 
parent 
Class 
interval^  BCq BCi BC^ BC3 BC4 M31 
—q/ha- or /a 
<5 1.2 
5-9 27.3 1.4 
9-13 30.2 9.5 2.9 1.0 1.0 
13-17 25.6 30.5 18.1 14.8 8.3 
17-21 11.0 29.0 35.2 28.1 32.2 18.5 
21-25 2.9 20.0 27.1 31.0 38.9 51.9 
25-29 1.2 5.7 13.3 14.3 15.6 18.5 
29-33 0.6 2.9 2.4 9.5 3.9 7.4 
33-37 1.0 1.0 1.4 1.0 3.7 
>37 
Skewness 0.99** 0.52** 0.35* 0.34* 0.26 1.00*4 
Kurtosis 1.88** 0.44 0.13 -0.36 0.23 1.21* 
N 172 210 210 2x0 ISO 27 
Values at interval boundaries are included in their first 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table A7. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for grain 
yield of backcross generations where Glenn is the recur­
rent parent 
Class 
interval^  BCo BCi BC^  BC3 SC4 Glenn 
-q/ha— w /Q 
5- 9 9.3 
9-13 28.8 5.3 1.3 
13-17 36.4 16.0 8.0 
17-21 21.2 30.7 15.3 8.3 3.3 3.3 
21-25 3.4 27.3 30.7 18.3 11.7 13.3 
25-29 0.8 13.3 23.3 31.7 23.3 43.3 
29-33 6.7 14.0 34.2 40.0 33.3 
33-37 0.7 6.7 6.7 20.0 3.3 
>37 0.7 0.8 1.7 3.3 
Skewness 0.21 0.19 0.04 -0.22 -0.45 0.26 
Kurtosis -0.10 -0.28 -0.28 -0.36 -0.09 1.27* 
N 118 150 150 120 60 30 
V^alues at interval boundaries are included in the lower 
interval. 
S^ignificant at the 5% level of probability. 
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Table A8. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for bio-
mass of backcross generations where Manker is the recur­
rent parent 
Class 
interval^  BCi BC^  BC3 BC4 Manker 
—q /ha— /o 
<31 1.3 
31-38 4.7 0.7 
38-45 9.1 2.2 0.4 0.5 
45-52 11.2 4.1 0.8 0.8 0.5 
52-59 18.5 10.9 3.8 1.3 0.5 
59-66 19.0 13.1 5.8 4.6 2.4 
66-73 13.4 16.1 10.8 5.0 5.7 3.3 
73-80 9.1 18.4 16.3 19.2 11.5 13.3 
80-87 6.0 12,0 23.8 20.0 16.7 26.7 
87-94 5.2 10.5 18.8 22.5 22.5 23.3 
94-101 1.7 6.7 8.3 12.9 22.0 23.3 
101-108 0.9 3.0 7.1 7.5 12.0 10.0 
108-116 1.1 3.3 4.6 4.8 
>116 1.1 0.8 1.7 1.0 
Skewness 2.89** 2.35** 2.39** 2.46** 2.41** 2.29*4 
Kurtosis 7.27** 4.04** 4.15** 4.36** 4.13** -0.85 
N 232 267 240 240 209 30 
Values at interval boundaries are included in the lower 
^^Significant at the 1% level of probability. 
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Table A9. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for bio-
mass of backcross generations where M31 is the recurrent 
parent 
Class 
interval^  B:o BC^  BC^  BC3 BC, M31 
—q/ha— /Q 
<31 6.4 1.0 
31-38 14.5 2.4 0.5 1.0 
38-45 15.7 8.1 2.4 1.9 0.6 
45-52 12.8 12.9 11.9 7.6 6.1 
52-59 12.8 18.6 16.7 18.1 14.4 11.1 
59-66 10.5 17.6 20.5 18.6 27.8 14.8 
66-73 11.0 16.7 19.0 17.6 23.9 44.4 
73-80 9.9 11.9 12.9 14.3 16.7 22.2 
80-87 4.1 4.3 9.5 9.5 6.1 7.4 
87-94 1.7 3.8 3.3 7.6 2.8 
94-101 1.4 3.3 2.9 1.1 
101-108 0.6 1.0 0.5 
108-116 0.5 0.5 0.6 
Skewness 2.98** 2.64** 1.95** 2.15** 2.18** 3.43** 
Kurtosis 7.99** 6.04** 2.22** 2.95** 3.09** 10.76** 
N 172 210 210 210 180 27 
Values at interval boundaries are included in the lower 
interval. 
**Significant at the 1% level of probability. 
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Table AlO. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for bio-
mass and backcross generations where Glenn is the recur­
rent parent 
Class 
interval ^^ 0 BCi BC2 BC3 BC4 Glenn 
—q/ha- /o 
<31 1.7 
31-38 3.4 0.7 
38-45 6.3 2.0 
45-52 12.7 2.7 0.7 
52-59 17.8 7.3 2.0 1.7 
59-66 12.7 13.3 4.0 3.3 
66-73 11.0 16.7 11.3 5.0 3.3 6.7 
73-78 20.3 25.3 19.3 12.5 1.7 10.0 
80-87 6.8 14.0 17.3 23.3 18.3 33.3 
87-94 4.2 10.0 24.0 19.2 20.0 20.0 
94-101 1.7 4.0 9.3 25.0 28.3 20.0 
101-108 0.8 2.7 8.0 6.7 18.3 10.0 
108-116 2.0 2.0 3.3 6.7 
>116 1.3 3.3 
Skewness 3.58** 2.90** 2.26** 2.27** 1.90** 5.42*4 
Kurtosis 13.56** 7.35** 3.46 3.42 1.81 29.60 
N 118 150 150 120 60 30 
Values at interval boundaries are included in the lowest 
interval. 
**Significant at the 1% level of probability. 
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Table AU. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for straw 
yield of backcross generations where Manker is the recur­
rent parent 
Class 
interval ^^ 0 BCi BC^  BC3 ^^ 4 Manker 
—q/ha— Of /o 
16-22 1.7 0.4 
22-28 5.6 2.2 0.4 1.0 
28-34 10.8 7.9 2.1 2.5 0.5 
34-40 19.8 14.2 6.7 4.2 2.9 
40-46 24.1 23.6 15.4 12.5 7.7 10.0 
46-52 13.8 19.1 27.5 28.8 27.3 36.7 
52-58 11.2 16.1 25.4 24.2 34.5 30.0 
58-64 6.5 10.1 14.6 18.3 15.8 20.0 
64-71 5.6 6.0 5.8 8.8 9.1 3.3 
71-78 0.9 0.4 1.3 0.8 1.4 
>78 0.8 
Skewness 1.75** 1.87** 2.01** 2.00** 1.70** 2.29* 
Kurtosis 1.65** 1.96** 2.38** 2.26** 1.16** -0.03 
N 232 267 240 240 209 30 
Values at interval boundaries are included in the lowest 
interval. 
**Significant at the 1% level of probability. 
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Table A12. Frequency distributions of line means, skewness and 
kurtosis values, and nuzber of lines evaluated, for straw 
yield of backcross generations where M31 is the recurrent 
parent 
Class 
interval BCO BCi BC^  BC3 BC4 M31 
—q/ha— Â 
16-22 6.4 2.9 0.5 1.0 
22-28 14.0 6.7 3.8 4.8 2.2 
28-34 18.6 17.6 16.7 15.2 12.2 11.1 
34-40 19.8 27.1 25.2 25.2 36.7 29.6 
40—46 14.0 16.7 29.0 21.0 31.7 44.4 
46-52 9.3 16.2 13.8 18.1 10.0 11.1 
52-58 11.6 9.0 7.6 10.5 5.6 3.7 
58-64 5.2 2.4 3.3 3.8 1.1 
64-71 1.2 1.0 
71-78 0.5 0.5 0.6 
Skewness 2.31** 2.32** 2.12** 1.57** 1.63** 1.72*4 
Kurtosis 4.36** 4.22** 3.06** 1.02** 1.20** 1.12* 
N 172 210 210 210 180 27 
Values at interval boundaries are included in the lower 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively , 
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Table Al3. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for straw 
yield of backcross generations where Glenn is the recur­
rent parent 
Class 
interval BCi BC2 BC3 BC4 Glenn 
—q/ha- /o 
<16 0.8 
16-22 1.7 0.7 
22-28 4.2 0.7 
28-34 11.0 3.3 0.7 
34-40 14.4 13.3 5.3 5.0 
40—46 19.5 16.0 12.7 8.3 1.7 3.3 
46-52 11.9 28.0 19.3 22.5 15.0 33.3 
52-58 19.5 18.0 28.7 33.3 28.3 33.3 
58-64 11.0 14.7 21.3 24.2 30.0 26.7 
64-71 3.4 4.7 8.7 5.8 21.7 3.3 
71-78 1.7 0. 7 2.7 0.8 1.7 
>78 0.8 0.7 1.7 
Skewness 1.89** 1. 76* 1.87** 1.94** 1.45** 1.54*i 
Kurtosis 2.10** 1.47** 1.73** 1.96** 0.19 0.85 
N 118 150 150 120 60 30 
Values at interval boundaries are included in the lower 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec-
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Table Al4. Frequency distributions of line means, skei-ness and 
kurtcsis values, and number of lines evaluated, for 
growth rate index of backcross populations where Manker 
is the recurrent parent 
Class 
interval ^^ 0 BCi BC2 BC3 BC, Manker 
<0.47 2.2 
0.47-0.59 2.2 
0.59-0.71 9.9 1.1 
0.71-0.8^  10.3 2.6 0.8 0.4 1.0 
0.83-0.95 18.5 8.2 3.3 2.1 1.0 
0.95-1.07 15.9 12.7 5.4 3.3 2.4 
1.07-1.19 16.8 19.9 12.5 8.8 7.2 3.3 
1.19-1.31 10.8 19.9 20.0 20.4 12.9 16.7 
1.31-1.43 6.5 14.6 20.4 20.8 19.1 26.7 
1.43-1.55 3.9 7.5 20.4 20.8 24.9 26.7 
1.55-1.67 2.2 7.1 8.8 13.8 21.1 16.7 
1.67-1.79 0.4 4.9 5.4 6.7 6.7 10.0 
1.79-1.91 0.4 1.5 2.5 2.1 3.3 
>1.91 0.4 0.8 0.5 
Skewness —0.48** —0.97** —1.42** -1.55** -1.74** —2.89** 
Kurtosis 0.46 0.81* 1.84** 1.98** 2.69** 12.17** 
N 232 267 240 240 209 30 
Values at interval boundaries are included in the lower 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table A15. Frequency distributions of line means, skewness of 
kurtosis values, and number of lines evaluated, for growth 
rate index of backcross generations where M31 is the 
recurrent parent 
Class 
interval BCi BC^  BC3 BC4 M31 
<0.47 5.8 0.5 
0.47-0.59 13.4 2.4 0.5 0.5 
0.59-0.71 16.3 9.5 3.3 2.4 1.1 
0.71-0.83 12.8 13.8 . 10.5 12.4 8.3 
0.83-0.95 12.2 16.2 19.0 19.0 23.3 11.1 
0.95-1.07 11.0 18.6 22.4 20.0 32.2 25.9 
1.07-1.19 11.6 12.9 18.6 18.1 17.8 44.4 
1,19-1.31 11.0 14.3 12.4 11.4 10.0 11.1 
1.31-1.43 2.9 5.7 7.6 6.2 3.9 7.4 
1.43-1.55 2.3 3.8 4.8 7.1 2.8 
1.55-1.67 0.6 1.0 1.0 2.4 0.6 
1.67-1.79 1.0 0.5 
1.79-1.91 0.5 
Skewness 0.02 -0.43** -0.92** -0.71** -1.24** -2.39** 
Kurtosis -0.54* 0.07 1.93** 1.41** 3.26** 6.31** 
N 172 210 210 210 180 27 
Values at interval boundaries are included in the lower 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table A16. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for growth 
rate index of backcross generations where Glenn is the 
recurrent parent 
Class 
interval ®^ 0 -1 BC2 BC3 BC4 Glenn 
<0.47 1.7 
/» 
0.47-0.59 1.7 0.7 
0.59-0.71 9.3 0.7 
0.71-0.83 11.9 3.3 0.7 
0.83-0.95 20.3 3.3 2.0 2.5 
0.95-1.07 6.8 13.3 6.0 1.7 
1.07-1.19 16.1 16.0 9.3 5.0 3.3 6.7 
1.19-1.31 15.3 24.0 20.0 14.2 6.7 10.0 
1.31-1.43 6.8 18.0 18.7 25.8 20.0 36.7 
1.43-1.55 6.8 10.7 25.3 21.7 21.7 20.0 
1.55-1.67 3.4 6.7 10.7 24.2 25.0 20.0 
1.67-1.79 2.7 3.3 3.3 18.3 6.7 
1.79-1.91 0.7 2.0 1.7 3.3 
>1.91 0.7 1.3 1.7 
Skewness —0.40* —1.19** —1.31** —1.93** —1.78** —2.47** 
Kurtosis 0.13 1.60** 1.04* 3.16** 2.35** 6.91** 
N 118 150 150 120 60 30 
Values at interval boundaries are included in the lower 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table A17. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for height 
of backcross generations where Manker is the recurrent 
parent 
Class 
interval "^ 0 BC^  BC2 BC3 Manker 
—cm— w /o 
<51 0.4 
51-56 0.9 0.4 0.5 
56-61 2.2 1.1 1.3 0.8 0.5 
61-66 6.0 3.7 2.5 5.0 2.9 3.3 
66-71 9.9 17.2 10.4 11.7 12.4 6.7 
71-76 15.5 19.9 26.7 28.8 30.1 43.3 
76-81 21.1 24.0 31.7 38.8 38.8 23.3 
81-86 22.8 20.2 16.3 10.8 11.0 23.3 
86-91 13.4 10.9 • 9.2 3.8 3.3 
91-96 5.6 1.9 2.1 0.5 
96-101 1.3 0.7 
>101 1.3 
Skewness 2•30*" 1.34** 1 •41"" 1.95** 1.61** 1.61*^  
Kurtosis 3.49** -0.13 0.07 1.89** 0.67* 0.69* 
N 232 267 240 240 209 30 
V^alues of interval boundaries are included in the lower 
interval. 
.*,**Significant at the 5% and 1% level of probability, respec­
tively. 
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Table Al8, Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for height 
of backcross generations where M31 is the recurrent parent 
Class 
interval" BC. BC, BC, EC, BC, M31 
—cm— . — — % 
<51 0.6 1.9 0.5 1.4 
51-56 4.1 4.8 5.7 2.9 5.0 
56-61 11.6 10.0 6.2 6.7 11.1 11.1 
61-66 6.4 19.5 18.1 22.4 28.9 22.2 
66-71 9.3 14.8 • 19.5 27.1 32.2 40.7 
71-76 12.2 10.5 11.0 20.0 15.0 22.2 
76-81 14.5 9.5 16.7 8.6 3.3 3.7 
81-86 14.5 12.4 12.4 5.2 2.2 
86-91 16.9 10.0 9.5 3.8 1.7 
91-96 5.2 4.3 0.5 1.9 
96-101 2.9 1.4 0.6 
>101 1.7 1.0 
Skewness 1.32** 1.91** 1.42** 1.49** 1.82** 1.19*' 
Kurtosis -0.09 1.95** 0.15 0.35 1.43** -0.57 
N 172 210 210 210 180 27 
Values at interval boundaries are included in the lower 
interval. 
**Significant at the 1% level of probability. 
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Table A19. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for height 
of backcross generations where Glenn is the recurrent 
parent 
Class 
interval^  BC, BC, BC, BC, BC, Glenn 
-cm— 
96-101 
>101 
1.7 
0 . 8  
51-56 1.3 1.7 
56-61 1.7 1.3 1.3 1.7 
61-66 1.7 4.7 5.3 4.2 6,7 10.0 
66-71 14.4 12.0 10.7 18.3 11.7 16.7 
71-76 17.8 30.7 32.0 35.0 38.3 60.0 
76-81 22.9 23.3 25.3 28.3 35.0 6.7 
81-86 17.8 21.3 16.7 10.0 6.7 6.7 
86-91 15.3 6.0 6.7 1.7 
91-96 5.9 0.7 0.7 
0 . 8  
Skewness 
Kurtosis 
N 
1.46** 
0.23 
118 
1.45** 
0.18 
150 
1.43** 
0 . 0 8  
150 
1.67** 
0.85* 
120 
1.21** 
-0.50 
60 
1.12** 
-2.11** 
30 
Values at interval boundaries are included in the lower 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively . 
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Table A20. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
heading date of backcross generations where Manker is the 
recurrent parent 
Class 
interval 3% sci BC2 BC3 2^ 4 Manker 
—days— /o 
53-55 2.2 4.1 0.4 0.8 0.5 
55-57 11.2 21.0 7.9 4.2 1.0 
57-59 16.8 19.1 6.3 1.3 0.5 
59-61 18.5 17.6 22.5 15.8 11.5 53.3 
61-63 19.0 22.8 42.9 52.9 59.3 43.3 
63-65 18.5 10.9 15.0 21.3 25.8 3.3 
65-67 5.2 3.0 5.0 3.8 1.4 
67-69 4.3 1.1 
69-71 0.9 0.4 
71-73 1.3 
>73 2.2 
Skewness 2.30** 1.34** 1.41** 1.95** 1.61** 1.58*j 
IClIZTwOS"' S 3.49** -0.13 0.07 1.89** 0.67* 0.53 
N 232 267 240 240 209 30 
Values at interval boundaries are included in the lower 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table A21. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
heading date of backcross generations where M31 is the 
recurrent parent 
Class 
interval BCi BC^  BC3 BC4 M31 
—days— Jo 
53-55 0.6 1.4 
55-57 9.3 5.2 1.0 0.5 
57-59 16.3 10.0 7.1 3.8 0.6 
59-61 19.8 24.3 16.7 11.4 1.7 
61-63 18.0 25.7 22.9 22.4 13.9 29.6 
63-65 13.4 16.2 34.8 36.2 37.8 59.3 
65-67 8.1 12.4 15.7 21.9 41.1 11.1 
67-69 8.1 3.8 1.4 1.9 5.0 
69-71 1.7 0.5 0.5 1.9 
71-73 0.6 
>73 4.1 0.5 
Skewness 1.52** 1.18** 1.47** 1.01** 1.13** 0.75* 
o ^ o 0-42 -0.58* 0.20 -0.97** -0.71** -1.56*4 
N 172 210 210 210 180 27 
Values at interval boundaries are included in the lower interval. 
.*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table A22. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
heading date of backcross generations where Glenn is the 
recurrent parent 
Class 
interval" BCr BC, BCr BC, BC, Glenn 
—days— 
53-55 4.2 8.7 0.7 3.3 
55-57 11.9 19.3 7.3 4.2 
57-59 19.5 10.0 3.3 1.7 
59-61 16.9 20.0 23.3 19.2 8.3 36.7 
61-63 20.3 22.7 36.7 57.5 73.3 56.7 
63-65 13.6 10.0 22.0 11.7 18.3 6.7 
65-67 4.2 9.3 4.7 2.5 
67-79 3.4 1.3 
69-71 2.5 
71-73 0.8 0.7 
>73 2.5 
Skewness 
Kurtosis 
N 
0.90** 
-1.15** 
118 
1.74** 
1.11* 
150 
1.03** 
-0.92** 
150 
1.45** 
0.14 
120 
2.01** 
2.12** 
60 
0.92** 
-1.24** 
30 
Values at interval boundaries ara included in the lower 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table A23. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
harvest index of backcross generations where Manker is 
the recurrent parent 
Class 
interval BCi BC^  BC3 BC4 Manker 
<14 0.9 
/o 
14-13 1.7 
18-22 6.5 0.7 
22-26 20.3 1.1 2.9 0.8 
26-30 30.6 8.6 5.4 0.8 1.4 
30-34 22.4 16.9 10.4 5.0 3.8 
34-38 10.8 31.5 22.1 25.4 15.3 10.0 
38-42 5.2 28.1 42.9 47.9 49.3 53.3 
42-46 1.7 12.7 15.4 19.2 28.7 36.7 
46-50 0.4 0.8 0.8 1.4 
Skewness -0.33* -0.70** -0.85** -1.16** -0.90** -0.85* 
Kurtosis -0.99** -1.13** -0.94** -0.35 -1.00** -1.26*: 
N 232 267 240 205 on 
Values at interval boundaries are included in the lower 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table A24. Frequency distributions of line means, skewness and kur-
tosis values, and number of lines evaluated for harvest 
index of backcross generations where M31 is the recurrent 
parent 
"=1 
<14 0.6 
/e 
14-18 2.9 
18-22 8.7 1.4 
22-26 23.3 2.9 0.5 1.0 
26-30 27.9 5.7 1.4 1.4 0.6 
30-34 21.5 22.9 13.-8 6.7 1.7 
34-38 10.5 29.0 33.8 24.8 18.9 7.4 
38-42 3.5 26.2 34.3 38.6 55.0 55.6 
42—46 1.2 11.0 15.2 24.3 23.3 37.0 
46-50 1.0 1.0 2.9 0.6 
>50 0.5 
Skewness -0.29 -0.75** -0.87** -0.75** 
Kurtosis -1.23** -0.98** -0.92** -1.20** 
-1.07** -0.69 
-0.68** -1.56** 
Values at interval boundaries are included in the lower 
interval. 
**Significant at the 1% level of probability. 
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Table A25. Frequency distributions of line means, skewness and 
kurtosis values, and number of lines evaluated, for 
harvest index of backcross generations where Glenn is the 
recurrent parent 
Class 
interval ®^ 0 BCi BC^  BC3 SC4 Glenn 
14-18 1.7 
Jo 
18-22 7.6 2.0 
22-26 26.3 6.0 4.0 0.8 
26-30 29.7 14.0 4.0 0.8 
30-34 22.0 22.7 20.7 5.0 10.0 
34-38 11.9 32.0 31.3 36.7 35.0 30.0 
38-42 0.8 18.7 31.3 44.2 45.0 60.0 
42-46 4.0 8.0 10.8 8-3 10.0 
46-50 0.7 1.7 
>50 0.7 1.7 
Skewness -0.45* -0.59** -0.85** -1.07** —0.88** 0.03 
Kurtosis -0.99** -1.24** -0.80** -0.58 -0.90* -2.11* 
N 118 150 15 Û 120 60 30 
Values at interval boundaries are included in the lower 
interval. 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table A26. Means for grain yield, biomass, straw yields, growth rate 
index, height, heading date, and harvest index for the top 
thirty lines for grain yields having Manker as a recurrent 
parent 
Line 
H. Back-
spon- cross Grain 
taneum gener- yield 
parent ation 
Bio­
mass 
Straw 
yield 
Growth 
rate Height 
index 
Head- Har-
ing vest 
date index 
13301 8 3 
15320 5 3 
18313 8 3 
15426 5 4 
17419 7 4 
13316 3 3 
17121 7 1 
16212 6 2 
12414 2 4 
17412 7 4 
18419 8 4 
19204 9 2 
11227 1 2 
11214 1 2 
16105 6 1 
13320 3 3 
12409 2 4 
17327 7 3 
17428 7 4 
17202 7 2 
12317 2 ct 
18425 8 4 
16305 6 3 
17425 7 4 
19419 9 4 
11310 1 3 
16223 6 2 
19404 4 4 
15420 4 4 
17212 2 2 
Manker 
43.0 
41.8 
40.0 
40.0 
39.6 
38.8 
38.4 
38.2 
38.1 
37.9 
37.8 
37.8 
37.7 
37.7 
37.7 
37.5 
37.5 
37.5 
37.2 
37.1 
37.1 
36.8 
36.6 
36.6 
36.4 
36.2 
36.1 
35.9 
35.9 
35.9 
29.4 
- q/ha • 
120.8 
122.7 
116.8 
123.0 
120.3 
110.3 
117.3 
110.9 
107.4 
106.6 
111.4 
120.3 
114.9 
107.4 
117.4 
110.7 
102.5 
119.5 
113.3 
113.6 
96.1 
114.4 
111.1 
107.1 
108.4 
105.0 
110.3 
105.5 
]12.5 
104.1 
89.3 
cm days % 
65.3 1.92 72.2 63.0 45.9 
69.2 2.04 84.9 60.0 43.7 
65.7 1.90 76.9 61.5 43.7 
71.5 1.98 79.3 62.0 41.9 
67.7 1.91 75.5 63.0 43.6 
62.2 1.79 84.0 61.5 44.0 
66.6 1.91 77.2 61.5 43.9 
63.0 1.82 78.4 61.0 43.0 
59.3 1.72 74.0 62.5 44.5 
58.5 1.69 73.7 63.0 45.1 
61.8 1.86 80.3 60.0 44.5 
71.0 1.88 82.7 64.0 40.9 
68.0 1.88 81.4 61.0 40.6 
58.7 1.90 79.9 56.5 45.2 
68.8 1.91 73.4 61.5 40.8 
62.3 1.80 73.4 61.5 43.6 
59.0 1.65 72.9 62.0 42.4 
69.3 1.90 74.5 63.0 42.0 
66.0 1.83 79.1 62.0 41.9 
65.1 1.88 76.4 60.5 42.9 
51.3 1.73 79.2 55.5 47.2 
66.3 1.84 78.1 62.0 42.4 
64.6 1.76 77.4 63.0 41.3 
59.9 1.70 83.0 63.0 44.0 
64.8 1.78 73.5 61.0 39.9 
57.2 1.67 77.9 63.0 45.5 
64.4 1.78 77.6 62.0 41.6 
60.4 1.66 76.4 63.5 42.7 
64.6 1.77 81.4 63.5 42.4 
58.3 1.72 66.2 60.5 44.5 
52.7 1.45 76.0 61.5 40.9 
1:0.05* 
I-SB.Os' 
8.1 
5.8 
2 2 . 2  
16 .0  
15.3 
11.0 
10.9 
7.9 
3.9 
2 . 8  
5.8 
5.1 
A^ppropriate LSD for comparisons among lines. 
A^ppropriate LSD for comparison between lines and Manker. 
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Table A27. Means for grain yield, biomass, straw yield, growth rate 
index, height, heading date, and harvest index for the top 
thirty lines for grain yield having Glenn as a recurrent 
parent 
H. Back-
T . spon- cross Grain Line , , 
taneum gener- yield 
parent ation 
Bio­
mass 
Growth Head- Har-
Straw TT • 1.^  
. rate Height ing vest 
index date index 
q/ha cm days 
32221 2 2 43.2 121.4 68.8 2.01 77.7 60.5 
34405 4 4 41.8 123.5 70.8 1.96 78.1 63.0 
38324 8 3 37.5 114.7 68.0 1.83 75.3 62.5 
37317 7 3 36.6 113.3 66.2 1.81 80.0 62.5 
38415 8 4 36.4 101.7 59.1 1.63 76.7 62.5 
32202 2 2 36.2 117.9 72.8 1.93 70.5 • 61.0 
38420 8 4 35.9 96.1 52.2 1.54 73.7 62.5 
35208 5 2 35.9 102.5 56.4 1.65 85.3 62.0 
38425 8 4 35.7 108.5 64.7 1.74 75.6 62.5 
38421 8 4 35.5 107.7 64.4 1.72 79.7 62.5 
37314 7 3 35.4 109.0 62.7 1.76 74.0 62.0 
38306 8 3 35.3 102.6 59.7 1.67 79.4 61.5 
34411 4 4 35.2 111.2 65.2 1.78 76.0 62.5 
37218 7 2 35.0 111.2 64.4 1.79 70.7 62.0 
34418 4 4 35.0 107.9 65.0 1.70 76.5 63.5 
37307 7 3 34.7 99.9 59.2 1.61 76.7 62.0 
32218 2 2 34.6 107.6 65.4 1.70 73.4 63.5 
32310 2 3 34.6 108.5 66.4 1.75 71.0 62.0 
38216 8 2 34.6 110.7 65.4 1.77 74.2 62.5 
34421 4 4 34.3 106.0 64.6 1.71 79.7 62.0 
38114 8 1 34.3 114.6 70.3 2.04 82.0 56.0 
38315 8 3 34.3 99.3 57.7 1.56 77.9 63.5 
38418 8 4 34.3 98.5 57.8 1.58 80.9 62.5 
34428 4 4 34.1 99.5 60.0 1.60 73.7 61.5 
38407 8 4 34.1 101.5 58.2 1.56 71.0 65.0 
38419 8 4 34.1 103.4 60.5 1.72 72.0 60.0 
32228 2 2 33.9 110.6 70.3 1.81 71.5 61.0 
37208 7 2 33.8 107.9 62.9 1.74 73.7 62.0 
38426 8 4 33.6 109.0 64.9 1.72 66.4 63.5 
37306 7 3 33.4 93.4 52.8 1.47 75.4 63.5 
Glenn 27.3 88.9 54.4 1.44 72.7 61.7 
LSD.05* 8.1 22.2 15.3 10.9 3.9 
5.8 16.0 11.0 7.9 2.8 
% 
43.3 
42.8 
40.6 
41.6 
41.8 
38.9 
51.2 
44.6 
40.7 
40.8 
42.6 
41.8 
41.9 
42.1 
39.8 
40.8 
39.2 
39.0 
39.9 
38.9 
38.9 
41.8 
41.3 
38.8 
42.8 
41.6 
36.6 
41.3 
40.8 
43.9 
38.8 
5.8 
5.1 
A^ppropriate LSD for comparisons among lines. 
A^ppropriate LSD'Q^  for comparison between lines and Glenn. 
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Table A2S. Means for grain yield, biomass, straw yield, growth rate 
index, height, heading date, and harvest index for the top 
thirty lines for grain yield having M31 as a recurrent 
parent 
H. Back-
Line spon- cross Grain 
taneum gener- yield 
parent ation 
Bio-
mass 
Straw 
yield 
Growth 
rate Height 
index 
Head­
ing 
date 
Har­
vest 
index 
q/ha cm days % 
27230 7 2 35.9 96.4 54.0 1.54 76.7 62.5 43.7 
22103 2 1 34.6 106.6 66.1 1.77 87.0 60.C 37.8 
26121 6 1 34.5 107.4 63.8 1.80 84.7 59.5 40.4 
22419 2 4 34.5 114.1 71.6 1.76 84.0 65.0 37.1 
26218 6 2 33.5 84.8 47.7 1.40 88.4 60.5 43.7 
28313 8 3 33.2 91.8 49.3 • 1.50 76.7 61.0 45.9 
28305 8 3 33.0 95.3 53.4 1.51 72.7 63.0 43.6 
21317 1 3 33.0 92.0 52.3 1.50 83.7 61.5 42.7 
28306 8 3 32.7 91.8 52.7 1.49 76.7 61.5 42.3 
21410 1 4 32.3 91.0 52.1 1.43 73.0 63.5 42.9 
27114 7 1 32.1 89.9 51.1 1.50 89.0 60.0 43.3 
28308 8 3 31.9 100.7 60.1 1.60 79.1 63.0 40.8 
26219 6 2 31.8 92.9 56.5 1.51 87.4 61.5 39.2 
21412 1 4 31.8 91.8 54.5 1.43 62.2 64.0 40.7 
27323 7 3 31.4 97.1 60.0 1.59 71.5 61.0 37.6 
24321 4 3 31.4 87.2 47.3 1.37 65.7 63.5 45.6 
27320 7 3 31.3 96.6 58.1 1.56 77.7 62.0 39.9 
27308 7 3 31.2 91.5 55.5 1.49 76.7 61.5 39.3 
28307 8 3 31.0 102.3 62.4 1.65 69.7 62.0 39.7 
21418 1 4 30.7 78.3 42.6 1.19 68.0 66.0 45.7 
28315 8 3 30.7 91.8 55.6 1.45 75.2 63.5 39.6 
22213 2 2 30.5 92.6 55.8 1.57 72.9 59.0 39.5 
22207 2 2 on q 94.2 5S.5 1.46 78.2 64.5 38.3 
26104 6 1 30.5 91.8 52.7 1.46 59.7 63.0 42.5 
21218 1 2 30.4 87.8 50.3 1.50 79.4 58.5 42.8 
28428 8 4 30.3 80.2 43.9 1.30 75.7 61.5 44.7 
28309 8 3 30.1 91.0 53.5 1.43 72.7 63.5 41.4 
28311 8 3 30.0 85.9 46.9 1.34 75.1 64.0 45.3 
27311 7 3 30.0 91.5 52.4 1.49 71.0 61.5 43.1 
M31 24.0 70.6 41.4 1.11 67.7 63.8 41.2 
LSD.05^  8.1 22.2 15.3 10.9 3.9 5.8 
LSD neb 5.8 15.8 11.0 —— 7.9 2.8 5.1 
A^ppropriate LSD^ g for comparisons among lines, 
bAppropriate LSD for comparison between lines and M31. 
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Table A29. Estimates of GCA, SBV, and SBV' obtained for the H. 
spontaneim parents in the BCq and BC^  for grain yield, 
biomass, straw yield, and growth rate index 
BCQ BCi 
Grain Bio- Straw Growth Grain Bio- Straw Growth 
yield mass yield yield mass yield 
q/ha q/ha 
Si GCA 
SBV 
SBV 
0.03 
0.56 
0.87 
-1.29 
3.26 
3.36 
-0.95 
3.57 
4.05 
-0.028 
0.040 
0.59 
0.59 
0.14 
0.96 
-0.29 
-1.16 
0.02 
-1.20 
-1.74 
0.004 
0.009 
S2 GCA 
SBV 
SBV' 
0.15 
2.66 
1.29 
-4.14 
-1.84 
-3.01 
-3.99 
-6.21 
-2.26 
-0.038 
-0.022 
-0.05 
-0.21 
-0.03 
-2.92 
-4.50 
-2.09 
-2.49 
-3.02 
-1.55 
-0.011 
-0.027 
S3 GCA 
SBV 
SBV' 
-1.93 
-2.95 
-3.34 
-6.14 
-9.16 
-6.38 
-3.25 
-4.76 
-4.71 
-0.101 
-0.159 
-3.84 
-4.21 
-4.21 
-11.13 
-10.12 
-9.29 
-5.38 
-2.79 
-5.13 
-0.176 
-0.231 
S4 GCA 
SBV 
SBV' 
-1.88 
-2.33 
-2.35 
-3.77 
-1.34 
-4.61 
-1.18 
2.42 
-2.21 
-0.063 
-0.008 
-0.47 
-1.37 
-1.08 
2.11 
-1.06 
-0.38 
2.73 
1.72 
-3.47 
0.023 
-0.038 
S5 GCA 
SBV 
SBV' 
-2.57 
-2.83 
-3.18 
-8.91 
-8.81 
-9.57 
-5.38 
-6.58 
-6.46 
-0.145 
-0.172 
0.37 
0.03 
0.14 
1.12 
-0.21 
0.88 
0.43 
0.17 
-0.48 
0.010 
0.027 
S6 GCA 
SBV 
SBV' 
0.84 
-1.23 
-1.00 
5.17 
1.84 
1.71 
3.72 
2.76 
-1.79 
0.100 
0.074 
1.86 
2.56 
2.48 
4.96 
7.16 
6.18 
2.18 
2.34 
6.14 
0.091 
0.114 
/ 
GCA 
SBV 
SBV* 
2.54 
2.45 
2.70 
13.43 
10.21 
10.55 
9.55 
5.48 
5.56 
0.207 
0.166 
1.94 
2.43 
2.82 
5.46 
4.85 
3.66 
3.05 
2.06 
1.78 
0.090 
0.082 
Sg GCA 
SBV 
SBV' 
-0.12 
0.18 
0.38 
2.92 
4.33 
5.14 
2.65 
3.25 
6.06 
0.051 
0.075 
-0.15 
0.12 
-0.33 
0.11 
1.24 
-0.01 
<0.00 
0.66 
-0.05 
0.001 
0.054 
S9 GCA 
SBV 
SBV' 
2.84 
3.49 
4.63 
2.73 
1.51 
2.80 
-1.17 
-2.93 
1.76 
0.013 
0.008 
-0.26 
0.06 
0.08 
-0.68 
2.92 
2.20 
-0.55 
0.06 
4.51 
-0.032 
0.009 
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Table A30. Observed and predicted means for the five progeny and two 
parental generations for grain yield, biomass, straw 
yield, growth rate index, height, heading date, and 
harvest index 
„ . r. • J Predicted values Trait Generation Observed 
Linear Quadratic 
Grain yield H. spontaneum 3.27 2.73 3.26 
(q/ha) BCo 13.82 14.73 13.92 
BCi 20.43 20.73 20.22 
BC2 23.54 23.73 23.62 
BC3 25.33 25.22 25.37 
BC4 26.18 25.97 26.27 
H. vulgare 
Biomass H. spontaneum 31.91 32.62 31.97 
(q/ha) BCo 59.71 58.25 59.24 
BCi 70.80 71.07 71.69 
BC2 77.91 77.48 77.62 
BC3 80.47 80.69 80.50 
BC4 82.57 82.29 81.93 
H. vulcare 
Straw yield H. spontaneum 28.32 29.57 28.40 
(q/ha) BCo 42.59 40.23 62.04 
BCi 45.62 45.57 46.69 
BC2 48.88 48.23 48.47 
BC3 49.30 49.56 49.23 
BC4 50.07 50.23 49.57 
H. vulgare 49.52 50.90 49.89 
Grov/ch race index H* sporiLarieum 0.433 G • 470 0.434 
(q/da/ha) BCo 0.971 0.912 0.967 
BC^  1.165 1.134 1.168 
BC2 1.252 1.245 1.252 
BC3 1.286 1.300 1.290 
BC4 1.305 1.328 1.307 
H. vulgare 1.331 1.355 1.325 
Height H. spontaneum 77.17 78.28 77.15 
(cm) BCo 77.33 75.63 77.37 
BCi 75.04 74.31 75.39 
BC2 74.78 73.65 73.88 
BC3 72.87 73.32 73.00 
BC4 72.03 73.15 72.52 
H. vulgare 72.11 72.99 72.02 
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Table A30. (Continued) 
Predicted values 
Trait Generation Observed 
Linear Quadratic 
Heading date H. spontanéurn 73. 67 71. 05 73. 62 
(days) BCq 61. 97 66. 10 62. 15 
BCi 60. S3 63. 62 61. 17 
BC2 62. 38 62, ,39 61. 86 
BC3 62. 76 61, ,77 62. 50 
BC4 63. 52 61. 46 62. 90 
H. vulgare 62. ,32 61. ,15 63. ,34 
Harvest index H. spontaneum 11. 04 12. 37 11, ,04 
(%) BCq 28. ,72 26. 76 28. ,80 
BCi 35. 65 33. 95 35. ,22 
BC2 37. 35 37, .55 37. ,82 
BC3 38. 83 39, .35 38. 96 
BC4 39. .46 40, .24 39. ,50 
H. vulgare 40, .30 41, .14 40. 01 
168 
Table A31. Observed and predicted means for genetic variance for the 
five progeny generations for grain yield, biomass, straw 
yield, height, heading date, and harvest index 
Back-
Trait CTOSS 
gener­
ation 
Observed 
value 
Predicted value 
Linear Quadratic Cubic 
Grain yield 0 12. 441 14. 403 12. 280 12. 433 
(q/ha) 1 16. 726 13. 882 17. 814 16. 860 
2 17. 097 13. 532 15. 146 16. 474 
3 11. 785 13. 387 12. 453 12. 854 
4 10. 410 13. 315 10. 767 9. 840 
Biomass 0 142. 719 157. 934 142. 593 142. 742 
(q/ha) 1 145. 963 117. 712 146. 553 145. 624 
2 108. 971 97. 600 109. 260 110. 553 
3 83. 898 87. 545 80. 795 81. 185 
4 61. 757 82. 517 64. 108 63. 204 
Straw yield 0 77. 516 82. 521 77. 488 77. 540 
(q/ha) 1 64. 242 54. 740 64. 203 63. 877 
2 43. 425 40. 850 44. 675 45. 128 
3 34. 745 33. 904 31. 690 31. 826 
4 22. 519 30. 432 24. 392 24. 076 
Height 0 68. 667 74. 665 68. 517 68. 649 
(cm) 1 62. 623 52, .162 63. 721 62. 893 
2 47. 996 40. 910 45. 583 46. 735 
3 30. 765 35, .284 32. 579 32. 927 
4 25. 441 32, .472 25, .094 24. 289 
Heading date 0 15. ,796 15, .802 15, .786 15, .800 
(days) 1 8. ,825 8. 820 8. 849 8, .760 
2 5. 161 5, .533 5, .341 5. 463 
3 4. 133 3 .584 3, .577 3, .614 
4 2. 330 2. 711 2, .693 2, .607 
Harvest index 0 20, .866 22 .690 20 .705 20 .867 
(%) 1 17 .932 15 .198 18 .930 17 .919 
2 14 .308 11 .451 12 .960 14 .367 
3 9 .231 9 .578 S .705 9 .129 
4 5 .223 8 .642 6 .260 5 .277 
